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APPENDIX 2-A: DETAILED MATHEMATICAL APPROACH

This study andyzes exposures to 3! released from the %10 fadility due to ingestion of milk and
cheese, leafy vegetables, meat, and eggs and from direct inhaation of contaminated air. A totd
of eght ingestion pathways have been andyzed: milk from backyard cows milk from
commercial sources, goat’s milk, mothe’'s milk, beef, lesfy vegetables, cheese, and eggs. In
addition, exposure through inhaation of contaminated ar and exposure of a fetus via ingestion
of 3! by the mother are dso anayzed. This appendix presents the equations used to estimate
the totd excess lifetime risks of thg/roid cancer and the thyroid doses for the routine releases and
for the 1954 accident, starting with **!| concentrationsin air.

Individuds living ner X-10 may have been exposed by more than one pathway a a time.
Inhdation of contaminated ar, for indance, is an exposure pathway that affected everyone in the
contaminated areas. Three specid exposure scenarios are designed to match the mogt likely
dietary habits and lifestyles in the vicinity of the Oak Ridge Reservaion. The firs exposure
scenario refers to individuals living in a "rurd fam" seting (i.e, they own land and livestock;
thus, they produce their own "backyard" cow’'s milk, cheese, vegetables and eggs). The second
exposure scenario refers to individuas in a rurd area who do not own their own dary cows.
However, they have some land and produce their own vegetables and eggs, and they purchase
the necessary milk and cheese from farms located nearby. The third scenario refers to
individuals in a more "urban" setting, who do not produce their own food products. These
individuas buy milk and food products from the grocery store.

The totd intake of 3! for each exposure pathway is caculated according to the equations
described in the following sections. From the intake via each pathway, or from the totd intake
for combined pathways, the dose and risk are calculated as follows:

N2
D =g INT xDCF, (2-A.1)
i=N;
N2
and TELR= Q INT, xDCF, xRF, (2-A.2)
i=N;
where
D = dose to the thyroid due to intake of 3! [Gy];
TELR = total excess lifetime risk of thyroid cancer dueto intake of 3! [unitless);
N1 = age a which exposure began;
N> = age at which exposure ended;
INT;, = age (i)-dependent intake of 131 [B(];
DCF; = thyroid dose per unit intake at age i (dose factor) [Gy Bq™] (Section 9);
RFi = the risk factor = excess lifetime risk of thyroid cancer per unit dose from

exposure a age i [Gy ] (Section 10); and
age of theindividud (i = 0,1,2,...) in year of release]j.
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The dose and risks are caculated separately for routine releases of 31| that occurred from 1944
to 1956 and for the *!| released from the April 29, 1954, accident. The amount of **!| released
from X-10 during the accident is small compared to the totd amount of **!| released during the
entire year 1954. Thus, in the case caled "routine releases” the source term for 1954 includes
both the amount of 3| released during the 1954 accident and the amount released continuoudy
during the rest of 1954. Thus, the doses and risks estimated for "routine releases’ represent the
heelth impact from the entire amount of 3| rdleased from the Ral_afacility.

2-A.1 Ingestion of Contaminated Milk

The approach described below applies to milk collected from backyard cows, commercia cows,
and goats.

Routine releases

The generic equations used to estimate the intake of 3! from the ingestion of contaminated milk
are listed below.

INT i = Crama,j XMDOU | XD (2-A3)
3
and Comaj = & Caaj « XAR, XPM (2-A.4)
k=1
where

INTmiki = intakeof 3! dueto ingestion of contaminated milk for an individua
of agei [B(];

Cimaj = theannua average concentration of 131 in milk a milking in yeer j
[Bg L “mik];

] = vyearof rdease j = 1944 + i, for an individud born in 1944;

= 1952 + i, for an individud bornin 1952, eic;

MD = milk digribution factor [unitless] (Section 71);

Um,i = age (i)-dependent milk ingestion rate [L d' -] (Sect. 8);

(B = thetime period corresponding to year j [365d];

k = index for the physico-chemicad forms of iodine present in ar above a
pasture: k = 1- dementd, k = 2 - paticulate iodine, k = 3 - nonreactive
form (assumed to be organic iodine);

Caajj k = annua average concentration in ar of physico-chemicd form k [Bq ma]
(Section 4);

APy = ar-pasture trandfer factor for physico-chemicd form k [Bq kg'ldry Mass

per Bg m>4;] (Section 5); and
PM = the pasture-to-milk transfer factor [Bq L™ mii per Bq KgG ary mass] (Sect. 6).
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The solution to Equation 2-A.4 is dependent on the air-to-pasture transfer factor (APy) for each
chemicd form of 31; APy represents the ratio of annual average concentration of form k in the
pasture to that in ar. Further discussons of individual parameters in Equations 2A.3 and 2A 4
are presented in the relevant sections of the main text of thisreport.

1954 Accident

For the accidenta release, the intake of **!| from the ingestion of contaminated milk is estimated
from the following equations.

INTmiIk,i =Cmm,T >MDA >Um,i A (2'A-5)
Comr = QCm(D (2-A.6)
where
Comt = the time-integrated concentration of ! in milk & the time of milking
[Bopd L mitid;
MDa = milk distribution factor gpplicable during the accident [unitless];
Umia = age (i)-dependent milk ingestion rate a the time of the accident [L d]
(Section 8);
Cmm(t) = theconcentration of 3! inmilk a timet after the accident [Bq L ™ mii].

Further discussons of individud parameters in Equations 2-A.4 through 2-A.6 are presented in
the relevant sections of the main text of this report.

2-A.2 Ingestion of Contaminated Beef
Routine Releases

In this study, beef is consdered a surrogate for various types of meat. Since meat is generaly
sored after daughtering for a period of time longer than the hdf-life of 1, consumption of
contaminated meset is not expected to be an important contributor to the total dose and risk. The
modeling approach for the ingestion of beef is Smilar to that for the ingestion of milk as shown
in the following equations:

INT, , =C o XFDU ,, 5Dt (2-A.7)

fsa, j

3
Cfsa,j = é. Caa,j,k XAR< XPF (2'A8)
k=1
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where
INTheeti = intake of ! due to ingestion of contaminated besf for an individud of
agei [Bd];
Cisa, = the annud average concentration of 3!l in besf a daughtering in year ()
[Bq| kg™ peer];
FD = beef digribution factor [unitless] (Section 7);
Us i = age (i)-dependent beef ingestion rate [kg d*] (Section 8);
O = thetime period corresponding to yeer j [365d];
Caajj k = annua average concentration in ar of physico-chemicd form k [Bq ma]
(Section 4);
APy = trandfer factor of 1311 from a&ir to pasture grass for the physico-chemicd
formK, [Bq Kg dry mass per Bq mi®4i] (Sectlon 5); and
PF = the pastureto—beef transfer factor [Bq kg™* per Bq kgt dry mass] (Section 6).

Further discussons of individud parameters in Equations 2-A.7 through 2-A.8 are presented in
the relevant sections of the main text of this report.

1954 Accident

In the areas around the Oak Ridge Reservation, daughtering of cattle is usudly done in the fal,
rather than spring, because the farmers use the cold westher to ensure that the meat does not
gpoil.  The time between the accident in April 1954 and the normd period for caitle daughtering
was long enough that dl of the ! would have decayed away. Therefore, doses and risks from
the ingestion of beef are not relevant for the andlysis of the 1954 accident.

2-A.3 Ingestion of Contaminated L eafy Vegetables
Routine Releases

Contamination of “leafy” vegetables might be high because of the large surface of leaf exposed
to the contaminated cloud. However, contamination is substantialy reduced by washing and
cooking. In addition, fresh vegetables are seasond food products and are a source of exposure
only during the harvest period. The governing equations for the estimation of **!I intake from
the ingestion of contaminated leafy vegetables are as follows.

INT, . = Copa; XD, U, XD (2-A.9)
vha i a. Caa i K % k (Z_Alo)
k=1
where
INTieaty; = intake of 31 due to ingestion of contaminated ledfy vegetables for an
individual of agei [Bd]:
Cuhaj = the annud average concentration of 131 in leafy vegetebles a harvesting

inyear (j) [Bg Kg “fresh masd];
LD; = ledfy vegetables digtribution factor [unitless] (Section 7);
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Ur i = age (i)-dependent lesfy vegetation ingestion rate [KG resh mass 0 *

(Section 8);

(B = thetime period corresponding to year j [365d];
Caa,j k = annua average concentration in ar of physico-chemica form k [Bg m34]
(Section 4); and
AV = the ar-to-vegetables transfer factor [Bq kglfresn mas per Bg m?] for
physico-chemicd form k (Section 5).
1954 Accident

The approach for the 1954 accident is similar to that presented in Section 2A.1 for milk. The

intake of 3! from ingestion of lesfy vegetables contaminated during 1954 accident is caculated
as

INTIeafy,i = CV,T ><I—DA U Li,A (Z_All)
where

Cut = the time-integrated concentration of 3| in leafy vegetables a the time of
harvesting [Bq id Kg *fresh mass);

LDa = ledfy vegadble didribution factor gpplicable during the accident
[dimensionless]; and

ULia = age (i)-dependent leafy vegetable ingestion rate a the time of the accident
[kg‘reﬁhmassd-l]-

The time-integrated concentration (Cy, 1) is obtained by integrating the concentration of 3| in
vegetables (C\(t)) as a function of time after the accident. Further discussons of individud
parameters in Equations 2A.9 and 2A.11 are presented in the relevant sections of the main text
of this report.

2-A.4 Ingestion of Contaminated Eggs

lodine-131 can accumulate in eggs if chickens are fed contaminated feed. In generd, chicken
feed is stored for periods of time longer than the half-lifeof 311 If chickens are dlowed to roam
fredy, however, they may consume smdl amounts of contaminated grass or soil. In this case,
some 3! is transferred to eggs. However, it has previoudy been shown that the dose from
ingestion of contaminated eggs is much smdler than the dose from the ingestion of contaminated
milk for smilar concentrations of iodine in ar, because of both the smdler amounts of eggs
ingested as compared to the ingestion of fresh milk and the longer storage time of eggs (NCI,
1997). Therefore, a less redigtic modeling approach was used in the present study. It is assumed
that al eggs consumed by an individud are produced localy and therefore are contaminated.
Eggs purchased from remote locations are ether less contaminated with releases from X-10 or
ae dored for longer periods of time than the locdly produced eggs. Thus, this approach
eiminaes the need to fully understand the locd didribution sysem for eggs  Also, this
approach is based on the observation that the concentration of %1 in eggs is smilar to that in
cow's milk for a given deposition density of 3! (NCI, 1997). Therefore, the concentration in
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cows milk is used as a surrogate for the concentration in eggs. For routine releases, the
following equation applies:

INT, i = Coma XFgg 28 75U o XD (2-A.12)
where
INTeggsi = intake of 3! due to ingestion of contaminated eggs for an individud of
agei [Bq];

Crma,j = the annud average concentration in milk a milking inyearj  [Bq L™ mi];

Fyg = paameter that accounts for the uncertainty in the assumption that the
concentration in milk is a surrogate for the concentration in eggs it is
defined as the ratio between the average concentration in eggs and average
concentration in milk for the same area deposition [L kg'] (Section 7);

I R = theradionuclide decay constant for 31 [0.0862 d!];

Tyg = dday between harvest and consumption of eggs [d] (Section 7);

Uegg,i = age (i)-dependent egg ingestion rate [kg d*] (Section 8); and

(B = thetime period corresponding to year j [365d].

Smilaly, the following governing equation can be used for estimating the intake from the 1954
accident:

— -1 RTgg
INTgei = Comr Fgg € 5% U (2-A.13)
where
ComT = the time-integrated concentration of 3! in milk a the time of milking
[Bapd L™ mink]; and
Uegga,i = age (i)-dependent egg ingestion rate [kg d'] a the time of the accident
(Section 8).

Further discussons of individud parameters in Equations 2-A.12 through 2-A.13 are presented
in the rdlevant sections of the main text of this report.

2-A.5 Ingestion of Contaminated Cheese

Cheese produced from contaminated milk contains some amounts of **!|. Cheese is stored for
longer times and is consumed in much lower quantities than milk.  Contribution of cheese
ingestion to the total dose and total excess lifetime risk has been found to be very smdl (NCI,
1997). Therefore, a less detailed approach was chosen for this exposure pathway. The
amplifying assumptions are (@ only ingestion of cottage cheese is consdered in this sudy
because this type of cheese is usualy consumed shortly after it is produced, and (b) the entire
amount of cheese consumed by an exposed individud is produced locdly. For the routine
releases, theintake of **!1 is estimated using the following equation:

! Other types of “hard” cheese are stored for longer periods of time that allow 3| to decay away.
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INT(:(:,i = C:mma,j chc >e-| e >Ucc,i Ot (2_A14)
where
INTee; = intake of ! due to ingestion of contaminated cottage cheese for an

individud of agei [Bq];

Crma,j = theannud average concentration in milk a milkinginyear j [Bq L'lm”k];
Fec = factor accounting for the transfer of 3! from milk to cheese [Bq kg* per
Bq L] (Section 6);
I R = theradionuclide decay constant for *3*| [0.0862 d™!];
Tec = dday between production and consumption of cheese[d] (Section 7);
Ucci = age (i)-dependent cheese ingestion rate [kg d™] (Section 8); and
(B = thetime period corresponding to year j [365d].

The inteke from the 1954 accident for the cheese pathway is edimaed using the following
equation:

INT,.; = Cony X ¥ U 1y (2-A.15)
where
Comt = the time-integrated concentration of 3! in milk & the time of milking
[Bapd L in; and
Uceai = age ()-dependent cheese ingestion rate [kg d'] for the time of the accident
(Section 8).

Further discussons of individuad parameters in Equations 2A.14 and 2A.15 are presented in the
relevant sections of the main text of this report.

2-A.6 Inhalation of Contaminated Air

Atmospheric releases of **!| produce an increased concentration of ! in air a ground leve.
Individud members of the public may be exposed from inhdation of contaminated ar in
addition to the ingestion of contaminated food. The inhdation pathway is described in detal in
Section 8 of this report. The equations for this pathway are reproduced here. For e routine
releases, the following equation applies:

s .
INT i :geé (fo +(1' fo)"rio)@aai « XBR; XD, qu (2-A.16)
" @ka1 " 7]
where

intake of ***| dueto inhalation of contaminated air for an individual of
agei [B];

fraction of time spent outdoors [unitless];

ratio of the indoor to outdoor concentrations of iodine in air [unitless];
annua average concentration of physco-chemicd form k in outside
ar [Baqm?3a];

breathing rate for an individud a agei [, d'];

INTinn,i
fo
lio

Caajk

BR
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Dk = fraction of the tota amount inhded that depodts and is absorbed in

different parts of the respiraiory system (gpplies to each physico-chemicd
formk); and

(D] the time period corresponding to year j [365d].

For the 1954 accident, the corresponding equation is as follows:

INTinh,i :éa;g (fo +(1- fo)wio)>caa,T,k ><BRlA ka9 (2_A17)
k=1 7]
where
CaaTk = timeintegraed concentration of iodine in chemicd form k in the outsde
ar [Bgd m-3air]; and
BRA = breathing rate for an individua a agei during the accident [na; d™Y].

The time-integrated concentration of *2*1 in chemical form k is estimated from
T
Caru = Q Cax (t)dt (2-A.18)

Further discussons of individud parameters in Equations 2-A.16 through 2-A.18 are presented
in the relevant sections of the main text of this report.

2-A.7 Exposureto Multiple Sourcesof lodine

Individuas living near the X-10 facility may have been exposed by more than one pathway. In
this case, the totd intake of 3| is obtaned by smply summing the intakes for individud
pathways, as shown below. The summation is performed smilarly for the case of routine releases
or the 1954 accident.

INT, :(lN-l_m”k’i FINT o + |NT|eafy’i +INT, . +..) (2-A.19)
where

INT;, = totd intakeof ! at agei;
INTmii = intakeof 3! dueto ingestion of contaminated milk, a agei [Bq];
INTheer; = intakeof 23} dueto ingestion of contaminated besf, at agei [Bq[;
INTieaty; = intakeof 31 dueto ingestion of contaminated lesfy vegetables,

a agei [Bq]; and
INTinn; = intakeof 1 dueto inhaation of contaminated air, at agei [Bq].

Three specid exposure scenarios are dedgned to match the most likey dietary habits and
lifestyles in the vicinity of the Ok Ridge Resarvation. The firs exposure scenario refers to
individuds living in a "rurd fam® sdting (i.e, they own land and livestock and produce their
own "backyard” cow milk, cheese, vegetables, and eggs). The intake for this exposure scenario
is obtained by adding the intakes from inhdation and from the ingestion of backyard cow milk,
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beef, leafy vegetables, eggs, and cheese. The doses and risks for this exposure scenario are
reported under the label "diet 1."

The second exposure scenario refers to individuas in a rurd area who do not own their own
dary cows. However, they have some land and can produce their own vegetables and eggs, and
they purchase the necessary milk and cheese from farms located nearby. The inteke for this
exposure scenanio is obtained by adding the intakes from inhaation and from ingestion of localy
produced commercid milk, beef, leafy vegetables, eggs, and cheese. The doses and risks for this
exposure scenario are reported under the label "diet 2."

The third scenario refers to individuals in a more "urban” setting, who do not produce their own
food products. They buy milk and food products from the grocery store. The intake for this
exposure scenario is obtained by adding the intakes from inhdation and from ingestion of
regiondly averaged commercid milk. The contribution to the tota thyroid dose and risk of
cancer from other regionaly mixed food products is assumed to be negligible compared to the
contribution from ingestion of milk. The doses and risks for this exposure scenario are reported
under the labdl "diet 3."

Given that the doses and risks from ingestion of goat's milk are sibdantidly larger than the

doses and risks from any other exposure pathway, these doses and risks are reported separately
under thelabel "diet 4".

2-A.8 Ingestion of Contaminated Mother's Milk by Breast-fed I nfants

If a lactating mother consumes food contaminated with 31, a substantia fraction of the ingested
iodine will be secreted to milk and supplied to her breast-fed infant. Infants aso have a higher
uptake of iodine by the thyroid than do people in other age groups. Fortunately, the amount of
iodine ingested by an adult femae (with respect to that consumed by grazing dairy animas) is
such that the concentration in mother's milk is very low compared to the concentration in cow’s
or goat’s milk. Previous studies (NCI, 1997) have shown that the contribution of the ingestion of
contaminated mother’s milk to the overal dose for a child exposed to contaminated cow’s milk
after birth is not of dominant importance.

Typicdly, lactating mothers are consdered to be on “diet 1" composed of backyard cow milk,
al other non-milk food products and inhaation. For locations where backyard cows are not
present (eg., the city of Oak Ridge), lactating mothers are consdered to be on “diet 3,
composed only of regiondly mixed milk and inhaation.

2-A.9 Exposureof afetus

If a pregnant woman consumes food contaminated with 131, a fraction of the ingested iodine
penetrates the placenta and is transferred to her fetus. Once the fetal thyroid is developed and
darts functioning, it accumulates iodine based on the same physologica principles that apply to
children and adults.

Typicdly, pregnant women are considered to be on “diet 1,” composed of backyard cow milk, al
other non-milk food products and inhdation. For locations where backyard cows are rot present
(e.g., the city of Oak Ridge), pregnant women are considered to be on “diet 3" composed only of
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regiondly mixed milk and inhddion. Given that the duration of the pregnancy is nine months,
the intake of iodine by a pregnant woman was adjusted to (9/12) of the annud intake of a nor+
pregnant woman. The dose factor for the fetus OCFrerys) represents the dose to the fetd thyroid
for a unit intake of 3! by the pregnant woman, as opposed to a fetd thyroid dose for a unit
activity transferred through the placenta (Section 9).

2-A.10 References

NCI, (Nationd Cancer Inditute). Estimated Exposure and Thyroid Doses Recelved by the
American People from lodine-131 Fdlout Following Nevada Atmospheric Nucleear Bomb Tedts.
U.S. Department of Health and Human Services. Nationd Inditute of Hedlth. National Cancer
Institute, October, 1997.
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No._Zof_{2 copies. series_ 2. Ge é‘é
“““““5 f«=: iCﬁ];E—L:D
Jenuary §, x9h6{, s _ -
! ALE -.rw,j,,_{ - G 7 '
To: We A. Rodper rchheﬁ*_n-c TS Copy
Froms Mo He lyson : ' ,ffzf ‘fa
oy B 4 *
In Re: SiLUGS FUR 706=D “hisd, Decizssiiaryas o

The followinr is the inforuetion you rsquerbod on slugs dinohnr?ad fron

M;"GJ‘J

the pile on December 31, 1945, Jsnuary 2, 3 and 5, 1546 for use in the T0beD

Euildings
ACCUMGLATED Kuli

Row Date Date Tsys Ferosnt reriod fefore  IAst Total 0w
¥eo Charged Discharged Exposed daxe nv last L0 Dsys LO Days EWE Slugs
1760 Telg=ls  leleld 167 99e5 10,727,416 3,295,379 14,022,795 6
1763 Gewllels laalis Udy Ked 8,764,553 30295,379 12,059,932 20
170 3=2Belis  leRelb 280 9243 19,480,53;  3,295,379 22,775,913 12
1570 S=b=if - l=Pelf ug G2e3 5,190,807 3,295,379 12,186,186 24
2267 10=5aly; 1=tel 711 923 31,475,220 3,295,319 24,770,599 12
2267 QuiwlS lalalf 17 F23 94017,073 3,295,319 12,312,152 2l
1572 Beli=i p T TS U Dle2 8,422,130 3,205,379 11,717,509 L0
1973 el  1epeld 1 S1e2 3,122,130 3,205,379 11,717,509 L
1881, Gw=Sali5 luCalh 116 91,2 6,433,23, 3,295,379 G,728,613 Lo
176 G=10=45 lePaiyf 114 Fle2 64294,,667 34205,319 9,590,045 L0
196, 10a7whly  le2eib i5e 9le2 31,312,713 3,295,379 3,608,092 B
196 3Z=1Te4S 1=2alif 291 91,2 20,202,188 3,205,579 23,197,867 32
6L Ielewls  d=3=lf 6 G041 21,385,210  3,29h4)53 27,619,363
166l 7elgals  1e3elf 168 906l 10,808,131 3,294,153 14,,102,28) &
206 Jebeid JoZalf 117 90e1 6,513,949 3,294,153 9,808,102 L0
WL Gebeld 1=3el5 117 50eb £,513,918 3,294,153 9,808,102 Lo
2268 ZelBalS dw3=lifp 291 SCel 20,227,822 3,29L,153 23,521,575 8
2368 SaedelS leoZehih euo 90e1 16,302,093 3,294,153 19,556,246 32
fﬁm Gellmls  1=3elb 12 83ah 8,502,845 3,204,153 11,796,593 LD

71 Bell=i5  1-3wib U2 90,6 . 5,502,845 3,294,153 11,796,592 L0
2271 8elhmls  1=3-lb w2 S0eb 8,502,845 3,294,153 11,796,595 L0
2073 Ballehs 1=3mlhs U2 G0ed 8,502,845 32204L,153 11,796,998 Lo
1869 11e23=45  le5eld L3 10040 252,651 3,357,562 3,610,253 3%
1969 1le3el  lebelf L3 2365 252,691 3,357,562 3,610,253 3
1968 11=03e45 1G5l L3 955 252,691 3,357,562 3,610,253 %
1768 1lie23eiS l1=Seif L3 995 252,691 3,357,562 3,610,253 36
1870 1le23a}5  l-Helb 43 el 252,601 3,357,562, 3,610,253 %
- 187 11-21;-!6 1=5=ii5 L2 573 131,296 3,357,562  3,l88,858 ¥
aLss 10-31 1e5eli L31 79,6 29,745,180 3,357,568 33,102,7h2 Lo
2471 11-3-1,;.; 12=31al5 23 82.i 29,212,836  3,261,L50 32,104,006 L2

~ of the eantels discharved.

The par cent of maximum nv takes into sconsideration only the
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T0: K. J. Witkowskl i s _— ~ 2y L. B. Bmlet
awes and L Z [rgrares
g b . Lo S F. R, Stuckey
FROM: J. D. Knox Mo,/ of—Z fepu, meties 210 4. Reading File
INRE: Data_on Slugs Diachar%ed 5. Central Files
Trom PITe on July L3 for SLUGS FOR 706-D .
706-D. . ~ July 13, 194?*
- Position
Faotor _
N ] DATE DATE - DAYS | ¥RRwENE FERTOD BLFORG Y.
ROW NO.] CHARGEL DISCHARGID |EXYOSED| kiReassow LAST L0 DAYS _LAST LD DAYS TPOTAL SLUGS
1869 | 3-26-47 T=13-47 109 1.920 5,953,384 3,286, 684 9, 240,068 36
1769 | 3~31-47 7-13-47 104 1.910 5,540,019 3,286, 684 8, 826,703 38
1969 | 3-31-47 T=13~47 104 1.910 5,540,019 3,286,684 8,826,703 36
1768 | 4-21-47 Tml3wd 83 1,910 3,728,024 3,286,684 7,015,608 56
1968 | 4-22-47 T=13-47 82 | 1.910 3,610,178 3,286,684 6,896,862 36
1770 | 3-31-47 T=135-47 104 1.893 5,540,019 3,286,684 8,826,703 36
1767 | 4-22-47 7=13~47 82 1.893 3,610,178 3,286,684 6,896,862 36
1976 | 4-22-47 T=13-4% 82 1.893 3,610,178 3,286,684 6,896,862 36
LG69 | §=3E~47 7=13-47 104 1.885 5,540,019 3,286,684 - 8,826,703 36
CLAESI - [ T T TR I
oatet2d2-47 1 7.6d Lairia 4/5/905
Eor. The Atolnic Energy Commission _ '
Sr2 () i | 5o wmor
Y 27 - TR \7&!2/ .
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UNITED STATES s seresn. 1 —
ATOMIC ENERGY COMMISSION
in Reply Refsr %To: - S
REEP:JS T e LT 1 '

Ciamuification Cancelieg

Ci-Grenge=—To Oak Ridge, Tennessec
D Authority Of lNovember 25, 1945
£ t

AL 94 35T L

& 3m.b Patesidi L R
Carbide and Carbon Chemicels Cornoration ) ., “ <
Post Office Box "o “oil owm
Ok Ridge, Tennesse: - 'w
Attention: C. N. Rucker, Jr., ixecutive Director Il

Qak Ridge National Laboratory ’ T

Gantlenen:

The following is en extract of a teletype message received from the
Office of Hsnford Directsd Operations in reply to cur request for
information, concerning the slugs used in tho Rals run which began
Hovenber 17%n.

“Slugs were charged August 17, 1942; dizcharged November 12,
1845. ZTube used for exposurc wes 2379 of B rile. Effective
days of exposure during this period wes equal to 76.3 or
effective downtime equivalent to about ten (10) days. How-
ovor, this downtime was not for short periods for purpose
of discharging, but actuslly imvoived a prolonged shutdow:
starting September 22 at 07130 hours und continuing until
Septenber 24, midnight, when vile started to operate at sbout
4 nominal power lsvel. During period of September 25 to
Qotober 6 the power level was raised incremenially %o nominal
level. Therefore, durinz this period the flux wvaried
apprecisdbly from value at nominal power level. The plle
was operating at low levela at aporoximetely the nalf way
point of exposure period during which the concentrat ion lovel
of product probably dropped considerably so this the re-
Eaining exposure pt nomimal levels was insufficient to reige
ke concentemiion to the desired level. Total weight ol
uranium wes-I#9.34 pounds."

« .. Bincerely yours,

N L  Albert L. Holland, Jr., L.D.
W v Director of Reaearci and iedicine
<08t ~C. L. Keuter
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UNITED STATES &
ATOMIC ENERGY COMMISSION
In Keply Refer To:
R¥E :JS
Cleagificanon changed 16 T . __:)
UNCLASSIFIED ol 77
linsert appropnate claseificaton lwvel and categoryl
o T, F. DAVIS 10-18-93 Osic Ridge, Tonnessse
i Sy o — Pebruary 16, 1945
Q’M Classification Canmeled .. 3
o (Signatire of Rerson makong changel | Datel s T
" ) e 3/ v ' >
fortes Ta%% By Authority 0190 C-
Carbide and Carbon Chemicals corpoutiox.t By é%/ Datal 1D 80 »

Post Office Box "p"
Osk Ridge, Tennessee

Attention: (. N. Rucker, Jr., kéwﬁfo'libira@_nr
Oak Ridge ¥ational Laberstory B

8ubjects BANFORD SLUGS FOR RALA RUN HO. 30 |
Gextlenen:

Thirty-eight four inch Hanford slugs were delivered to you
Februery 14 for use in the production of Rala Run Ko. $0.

dhipment was made from Hanford sbout 10100 P.Y%, {PST), Pebruary %,
The slugs were cbtained from as nesr as pessible the center of
provess tube £271 P end had 66 days effective srpesure in the
Pile at a power factor of 1.473.

Saro power war 8449 P.U. {P3T), January 27. Fext stari-up wag
11136 4.4, (PST), January 28 efter waieh pile opersted st 135 L
nepawatis wntil 8:00 P.ii. (PST), Janusry 29 when full power .. - -
Sperstion wes resumed. Zerc power before slug discharge was ;.
2120 AM. (Ps?); Pebmlry 8.

AR

S8incerely yours,

-

-~ B a1berhj. Holland, Jr., KD,
o] —"‘L- ' g. ’ .
e #"% " Dir¥okoripf Resesrch and Kedicine
SRR AR Wk R:l&g‘% Yperations
e & kN
cC: C. B. Oewter ;- W& P
R. W. Gook i,/ ""‘ﬁ{%f;w o 10 ~ ——
. . 1 '.:_\ v-.; ‘,“:’ . ’;‘ b; . -
8hillingsmw NV N
RN CA
\ ’ ::\"“-m ':?-f.l‘
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SAMPLE PAGESFROM A CHEMICAL SEPARATIONS
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. Bapionnre oo
- oF the pevet

Tii cocument cONSSIS Cua & d., %, 4. Rodger

papes and. ... / """""""""" figure. 2, K, C. Leveratt

Ko, HK.....of 4 _copies, Serien S 3« ¥. D, Pasterson
FE JURL S B v

4, 4, C, Vallado
S. Central Pile
Clazzificniizn Concelel 6. Keading File

B, A, Rodger RN .

4. C. Vallado . Fid 7 tae bt

708-D Produotion Hun # |
Shipment #£17

Meohanical Changes

Immediately upon the completion of Kun #8, the decontamination
of Call A was degun, and mafntenance work started when the tolerance
levels resched 50 to 100 mr/hr. Sampling blisters, Cell IV and the floer .
arcund the ¢ublicles were decontaminated also, For a caxmplete soeount of
mintensnee wrk done in the bdbuilding between Rums #& and 39, see the re-
port written by E. J. Witkowski on 706-D Building and equipment repatrs,
altsrations and cnseking during period l-13-46 to S=3.46,

Dissolyer .Mtiou

“The 894 alugs chargsd to the dissslver for Run #9 wers added
as follows:

Date Fushed axnd ﬂh&r&d Siugs Losded Ci_,f\S IFICATION CANCELLED
' T4 L gt [l 2/

=5 17 ADD signature T Date

35 307 Single rereview of CCRP-deciassifie:

=6 —270__ documents was authorized by DOE Office ¢

Bg4  [-eclassitication memo of August 22, 1694

The slugs loaded on 3-8, 3-5 and 63 of the onas loaded on 3-6
wers used for Run #9, The remainder of the slugs loaded on 5-8 were
used ror the lisalth Physics run whieh followed Run £9, ¥or the purpose
of ealoulation all 896 slugs are considered., These wers ealoulated to
heve an average of 7,8 Curies/slug aetive, and 0.63 mg/slug inmctive Ba
(Total: 8950 Curies and 583 mg) at tims of discharge.

The run was mads in 2 zingle ssries, consisting of eleven &is-
solvings amd sxtractions followed by metathesis, cake solution, elestre-
lysis and volume reduotion in BS, The Health Physies vrun {referred to
as second ssrises) which followed run #9 consistad of four dissolvings end
sxtrections followed by metathesis, eeke sclution, slectrolysis and
volums reduction in Bi. This second seriss was primevily intended to sot
s 2 stand-by in cass some unusuel losses occurrel during the mein run,
hs thia was not the case, 1t was delivered to Health Physicas.

15 document COBIRINS HOIMAGR affectime i

! I SrLETEE TS PR

EME )
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iy T A e e e,

%o i, Rodger 2 4/10/46

The mmounts of resgents used for the coating removals were 136# 60% HNO=,
8324 of 20% HaOH, The 20% NaOH was used inatead of the usuel 36%, be-
cause %he solution was stored in the cutside tank Mell, whare it could
easily fresse, For the metal solutloxns, the reagentis were decrsased about
28% of previous runs (S90# of 60% HNOz and 170# HgO) in order to dissolve
85 slugs/batch instead of 85, thereby preventing extraotor tank A9 from

ovarfliowing.

A total of fifteen (average 61,2 slugs dissolved) metal solu-
tions and three coating removal rsastions were carried out, Soma 4iffi-
oulty was encountersd in maintaining an operating vacuum in the dssciver
during the soating removal reactions, It was discoverad that the off-gas
systen to A-1 was sealed off by a comdination of the higher solution level
in the dissclver and the violent rsaction, Thia will be rectified in the
next run, by increasing the concentration of NelH solution, All metal
solutions were omrried out witbont difficutly.

Extrastion

Phe amounts of reagsats for all fifteen sxtractions were de-

" ereased approximately 23k of previous flowsheet guantities Tor the smaller

batoh size (D.O0f of 90% He30,, 670 so of 20% PH{NOx)p for A batches and 120
e of B0% Fb{N04), for all others, The fiftesn desantationa were cut at
2.4" to 15,37 heels on the 0il 1iguid level manomster using jet A9«ABDA
with the exeeption of those prior %o matathesis on which jet AS-AHBDE wos
used, Largecheels wers left in axtractor A9, because the A9-A8DA suction
1ine was set six inches off the botiom, Alshough sxtrsctor A9 did mot over~
fiow throughout the run, &nd larger hesls were laft behind, the sxtraction
lossss were more than during previous runs. he losaes averaged 35 Curies
per axtraction or 11,8% of the product from sach individual dissclving., A
possible sxplanxtion for these insrsased losses could be the partial plug-
ging of AS~ABDA jet ss shown by the slde range of decanting time (16 %o 85
sinutes). Ses Tadle II for complete extrastion desantation results.

The extraction cakes from each of the two series given the stand-
ard ons acid, four water washes, all of 4 gallons volime, ZEach wash was
aglituted O mimutes, settlsd 70 minutes and decantsd +o £.,1" to 3.,6" hael
on the oll 1iquid level manometer using jet A9-ASDB. The maste loas feor
the combined washes was 5.5 Curies, {See Table I)

Mstathesis

Both metathesis werse normal and uniform reagent guantities were
nsed, They were decanted to AB using jJet A9=a80B and cutting at 2.2" to
4,5" heela on the oil 1iguid level manometer. The combined wasts loss of
the metathesis and metathesis cake wash of the first series wus rather
nigh {296 Curtes). This loss was added to the first extraction betch of
the second series, Sae Table III for metathesis econditions and losses.

\ e dpetrpant cAniiat pOOTIDT T T TR
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Jome diffieulsy was oxparisncel in irensferring the cake solu-~
tlon of the first series to ike erud filter dus to the plugging of she A9
to BRS jet. The solution wes therefore tranaferred to Bl2, then suoked
up by B7, discharged to B26, filterad through the orud £ilter to B27 angd
transferred to RBl2 in three shots, The sake solution Of the ascond series
was transferred directly to D12 without going tirough the erud filter, aa
tis disc was partially Plugged by matsrial removed from the firat serties,
Final volumes in the slectrolysis vessel ware <000 and 4380 e¢o respectively,

Cell B gﬂrution

_ The electrolysis time for the first series was increaszed ons hour
{3 tours a% 15 amps, and 7 hours a% 20 amps.) to insure a low Py vaiune, The
ssdond ssries was standard, #0 Bariwn carrisr wag added in eithey soriea,

Operation of the glassware was Teasonably smooth, After slecto-
lysis the produet of the firat ssrias was tranafesrrsi to precipitator B§,
evaporated to Aryness, dissolved in 2 Yiters of water sna Teconcentrated
to a 300 8s volums, The solution was transferred to B2IR by way of Bl1
without aifficulty, where two fuming nitrie precinitations were mads fol-
lowed by two Barium ehloride Precipitations and subsequent washinga, The
coubined losses wero guite high (373 Curies ox 10,58 of total product dip~
sclved.] Phe 81sc in the reector was Wore porous than any previous ons,
This allowed Tiltering rates 34 times faster than thosa Previously ex-
perisnced, but for eome reason (probably due to faet thet ths dvip tip was

-broken off) liquid held up in the disc to & great sztent, Consequently

when- pressure wes pus mader o dry disc, liguid woula Appear on top of the
dise, 7Tkis made it impoasible to clesn the transfer vessel as well as ig
desirable and probadly accounted for the high iron contents in the product.

- The product solutien was Sransferred from BY? to B19 vie the
upper diseharge funpel. B2l tranafer vessasl was rinsed to 217 with 40 ec
of water and then transferred to B9 over the sams TOUte., The finsl evap-
vration took 4 bours and procesdesd without i ffigulty,

Final analysis of run #9 produst was;
Active Barium 2040 Curies at 0400 - S.1)o4s {1sT)

Pd 23 mg
¥e 38 mg
Cr 4 mg
- Bag

1
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Aftor eleetrolysis of the sscont series, tiae product was trans-
Terred o Hl with pipstte BG, evaporated to aryness, dissolved in 2000 ec
¢f watsr and reconcentrated to 380 e¢, The bulk o the Troduct was trans-
Terred to B1§ vie movable funnsi BZ ani evaporsted to dryness, Bl was
Tinsed with 200 co of water and tranaferred © Bl9 vis the same rouste. The

combined final evaporation time was 107 hours,

The ECl-ether waste solution was evaparated in a Pi-lined cone
and delivered to 706-C. This will horesfser be deliverad a» & liguid or
oot at all, The procsdure wos time consuming, diffienii, anz danzaTous
to equipment,;

- Tns overall Run #9 was the most successful to date; & full 2000
Curies were prodused witn a 87% yield; eounting tue Heelth Physies run
esssentinlly all the product waas dccouutel for ani from beginning o end
1% was never over 3 bours off sdiadule,

Azalyses

In Tadls I couplate analyticsl date are Presantel. Tadls I
gives & summstion of Bartuzm losses for the rum. Tadle IB givax direct
radiation memsurezents which were taken ot the open oone from the toy of
the chimnay. The (.E, chamber indieated 2000 Curiss wors pressnt foy

siippiag.

Contamination and Radiation Expoguras

The building and off-gas aysstems rasained o000l throughout the
Tun and thare wars 1o over-exposures, Only one incident (desoribed in
208 Area Report for week snding hawsh 9} marred the entire run,

During the early part of the run some increaas in air sounts
ocourred on the third leval when Jettinz solution fronm AB~4AB; thim des-
pite very careful wenting procedurss. The sounts were fenerally belew

tolerunce, howevar.

The first two days ©f the run, Iodine wen ¢lisote? froxm the
trap between 43 and Ad. As the metsl which was being dissolved was quite
young & largs axount of materiul was availadle. The wystex was not proper-
1y trapped, however, and ot geses ot 1nto toa Yaouum systex: causing an
inerease in air escunts, The expsrizant was discontinued until a woTe
adequats set-up gould be devised. iir coumts returned to normsl gt onoe.

No working sres in the bullding was over tolerance sxcept that
between BD and B blisters. This ares was just ovear, The oell off=gun
sysis: rematned below 200 ar/hour taroughout the run. ‘!oet working areus
mere below 25 mr/day,

N
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TABLT T
{A1 Curies are Calculated to 0400 - 3/11/46)
f[ | Curies | Curies in < Total
SR N J0de i Froauet - waste i T8ROt Dissolved '

! Yirst Series

| Firet Dissolvimg B . zge
_ ¥irst  Zxtraction 83MA 18 0.5
; Gecond Dissolving M3 | gss ;
. Becaad Extraction .-' Bﬁam g ' Qe
| T™ird  Dissolvizg fue . s
Third  Extraction . BED 6 . 0,2
| Jourt Dissolving o - s45
. Jourth Extrmotion . 8o 41 : 1,2
| M Diesolvizg CuE i osa .
|_FIPEh  Rxtraction - BRME 14 : Oud
| 8txth  Dissolviag fur s |
' 81;1& Extraction . BWEF - 27 . 0.8
: Seventh Dissolving | WG | mmo _-
| Se'venth lxt_lution ! 82 : 1,7
| Eighth Dissolving CLE | gms :
__Eiphth  Extraction | GRS | 5 ' 1,8
' Einth  Dissolvimg W sso
~ Kinth Extraotion POEMMT _ (-5 : 1.8
Taxth  Diesolvin; (BT . 305
Teash Extraotion - 8w 39 . 1,1
| Xleventh Dissolving I 516
' Xleventh Extyrsetion - BRAE Si D.%
| fotal Dissolved s65¢ 100
. Total Extraction Waste 375 10.6
- Sesond series | '
Piret Dissolving S u3 303
Firyt Extraction aryr 57 Del

Semm—— APPENDIX 3E - Page 7 of 18
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TARLL I
{Continued)}

——

4/10/46

{A1 G‘uﬁaa are Calgulated to 0400 - 3/11/46)

o |Curies Curies in % Total ;
Fraction | Gode |Product . Waste  Product Dissolyed
E ;
Second Dissolving g | 276
Second ¥xtrwction | BYM w ! Bk
| ; {
Third Dissolving | 1K e ;
Third Extrsetion |_Bma 23 _= 2.1
Yourth Dissolving | 10 241
Fourth Extrsation E BEMO | 30 2.7
fotal Dissolved {1097 100 :
Total Extraction ®mate ': 147 13.4 3
Pirst Series %
i i : ;

__Extrestion Cake Wagh L CH 5 } Q.1
Natathesis and g )_{ % 296 8.3
Moyaithonis Gake Wash BRCH} -

|_Total Cell A Less i 8%e 5 19, :
Eleotrolysis loss SwPL | 2 ! 0.9
Pyroduct in B g® i 3380 X ;‘
B-6 Rinse E 52 | g8

;
Fomiag Nitric Eustes { SEFN__ 2} : CeE '-,
; !

| f0leather Gasies 352 1 9.9

1 : : i :

._Total Cell B Loss : ) 12,8

' ¥ipal Product ' 190 BOAD

i Seecnd Saries

; ' j
Exsraction Cake Rash L i 0.5 i 0,04
&t‘th.ail and i #WC );_____.______ 19 : 17 .4
Metathesia Cake hash gncE ) 1 ‘

APPENDIX 35®- Page 8 of 18
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TABLY Y
(Continuea)

4/10/46

{411 Curies are Caloulasted 0 0400 - 3/11/45)

| Total Cell 4 Loss

nml‘ﬂwﬂ Loss

“Produst in Pl

R

1275

APPENDIX 3E - Page 9 of 18
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T&ELE I :’L

Sermation of Barigm Logsses « Run Mo, 9

{Based on IST 0400 - S/13/46)

»r Fraction Curiss ] _:
] _ f ! :
; Total Digsolved {Caleulated as 6B7 Slugs) 5435 * 100
| Desay Loss {8, 6, 5, Days) | 1923 &7
tnqu Loss in Cell 4 ) : 676 12.¢
Taown hnu_in Cell B 457 - Bk '
P_mmi Yield : | 2040 7.4
| ‘Material Balance || B9.9
Total Curies Yound in Dissolvsr Solation 5
Caloulated to 0400 - 3/11/4¢ | 3586 L 100
Call A ¥uste Losses ; 876 ; 18,1
| "Gall B Waste Losses ’ 457 ! 12.8
~ Produst Yield ]‘ 2040 57,8
| ¥sterial Balmnge 5173 89,4

APPENDIX 3E - Page 100f 18
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TABLE Ia
Sumnation of Bevium losses -« Run No, ¢
Inoluding Produet to health sics
{Based on 1ST « 0400 - 37_11;“}
| 7
Fraction | Guries £
! r
; - i
Total Dissolved {Calculated as 894 Slugs) 8850 100
Desey loss (8, &, 5, Days) 2083 20,0
;
Xnows lose in Gell 4 | 1014 14,8
: |
Xuown Loss in Call B f 486 7.0 |
Produst Yierd [ osm8 | 49,7 |
| Natorial Balapse | 99,3
i \
| Total Gurfes Yound in Dissolver Solutions i
Caleulated to 0W00 - 3/11/4¢ | 853 100
| Gell A Waste Loeses {1014 | g8
i ;
| Osll B ¥aste Losses f 4 . 15,5
} ' ; :
| Produet Yield . 3|5 7.2 |
i
| Material Bclanee ;

;s | 1035

APPENDIX 3E - Page 11 of 18
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TLELT IR
Direct Radistion iigasurements For Run Ho, 9
_ _Curies Analyzned
_Instrument Tims in Hours r/Bour
16 1 f
18 17%: !
G. . g ?z :
3, Chamber 2% 21z
28 22t
i
18 19
100 R Meter (1) 2 2 ;
100 R Nsser (2) 26 . 20

APPENDIX 3E - Page 12 of 18
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Extraction Deecantations

; Ba Loss
! ~ # of rroguct
- Hate of Deesantation ! Heel | Present at
Bateh Gal/min | Gals, ' Curies Decantation
| i | |
| ¥irst Series .5
: 9A 2,0 4,95 18 0.6
. f 3,3 Be2 g 1.8
P : 1,3 S.2 5 0.8
. 9 405 2,56 41 3.1
: 93 4.5 S0 14 Q.8
; oF 3.7 2.9 27 1.3
j 0 Dot Sel 8z 8.7
9 242 2.8 85 2.6
A ¢ 4,3 e84 83 2,1
S 5ot | 30 5 39 1,2
| oK 2.5 i 0,72 1 3 0,9 ;
| Second Series E
i 3 ! !
i gL ; 5.3 , 2.95 f 87 18.8
- Seb D Be87 57 6.4
X ! 2.8 © 1,76 f 23 . 2,7
90 ; 2.8 © Q.56 30 2,7

APPENDIX 3E - Page 13 of 18
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Metatheris

TABLE III

4/10/4¢

t
|
|
1
!

: Firet Saries : f
First Metathesis | 23 3‘30}--;-- 94,5 2,7
j - )
©  Second Metathesis * 3480)
| First Metatheats . )
Caks Kash 2 4240) |
; )=~ 201,85 5,7
Seeond Metathesis ) ¥ )
Cake Wash 25 100) |
Second Series F f
Tirst Metathesis 2x ‘ 6800) ;
. : }omm 133 i2,1
Second Metathesis 2% | 3850)
!
First MNstathesis * )
Cake Waah 2 i 4320) '
| jmame 58 B3
Second uetathesis o i
Cake Wash \ 2z 2000 ) ;

APPENDIX 3E - Page 14 of 18
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TAHLE IV

Tima Oycles

4/10/46

Sharging
94 317
0 07 =~
9I 2v0 *
ﬂoat.-lg' Esspoyal
First
Secand
Third

Solution and Extraction

B X T R

(Soeond Seriu[

9L
9K
-
.Y

Extrection Cake ¥ash
=atreciion Uake wash

Pirst Seriea
Second Series

Metutheais

First Seriea
Second Series

Solation

MBGrgpabpat

\'l(ﬂlh‘sc‘

Extrastion

105
10
10

10
0%

EEES
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lcontinu.d}
Time Cycles

Nstatheails Cake Rash

First Series
Bpeend Seties

Matathesis Oake dolution
Yirst Series %"
Ssecnd Series 4

Xlsotreolysis

First Geries 10
Sesend Series )

Firer Sertes n

&nn; Series No Data
Yolme Beduotien {n 36

First Series s

Yolume Beduction in B2

Se0ond Saries &3

Eitric Preeipitation in E21

First Series 8

BeS1p Previpitation, Susing,

Pirst Series 13

Sempiing

First BSaries
Second Series

Final Product Zvaporation

Mirst GBSsriea

i 4
~<aRiigme Sesomd Series 103***

APPENDIX 3E - Page lﬁ,qfllsu were plugsed.

** By-passed crud filter,
*** T50 shots,
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TABLE IV
{Contimued )

Time Cycles

tion Houra Reguired

__-"—-_l-_———_—-———-___.____—_.—__-____——-

Direct Radiation Msasuremsnts

Yirst Series 10

Hecond Series 10
1oading

Tirst Eeries 4

Second Series [

as C, Yallado
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_,W 1-28-48

Analytical ITata

[a0]
fietie}

3a Run

Jhipment 32
1560, 1-22-48

T A m
e Femn

‘This document consisis of__L_—

2 figures.

pages and

No. Lot 4 copies, TS Ffi
To: L,E. Zrlet LA
From: 3,4, Reynolds GEHTRM' ;“‘Es iu;i:
.
Zatch Suriss Slugs Aa=8 =B % sctual I:%SB -
& 282 838.8 EE] 0.CB
3 313 84.1 25 o an 0.73
c 270 75.3 33 7 0.20
D 261 69.8 43 —_— 1.26
3 301 78,0 20 ——— 0.59
= 264 64,7 242 il 0,32
e 248 75,0 207 i3 0.33
a 218 69.1 %30 1ic C.24&
I 274 77,1 5 -—=- 0.44
T 277 76,9 Z18 12 0.33
K 307 75.4 78 i 0,34
L 237 68.0 7 b 2.15
i 158 421 411 13 0.38
N-Heels 4 : —— === o -————
s3I 9.5 .otoel 188 5a%%
Other Cell 4 Losses Curies % Loss .
“eshes of ZIxt, Cake(5. =3 & 87=-1) ol 2,67
Metathesis 69 2.082
letathesis Jaks vash 33 0.97
A4-% Rinse 6 0,17
11 Heels £ 0,12 g
Total Cell & Loss 588 ll.E'?,aoD
Cell B Losses
Zlsctrolysis i3 C.47
L=6 Rinse 15 0.47
Fumirnz Mitric Taste 29 0.88
UC1-ZEther Tazte 91 2,67
Total Loss (Cell 3) 152 4,467 /
Product ,
Product in E-6 2012 £8.4 s Product
Shizment 732
saterizl Palance (tarough 2-8) 99,53
'3

Redistion Readins ¥3kysiina®)

CLASSIFICATION CANCELLED
/=21 —9%"
Date

Single roreview of CORP-deciassifiec
Jocuments was authorized by DOEQftice -
Lecizssification mema of Auguat 22, 199

O a8 (28145

approdmately 2780 curias

Classification Cancelled

By Authority Of

By Fﬁfl

S ad

pate AUG 2 6 1971

Snd

e WY Y] A T
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APPENDIX 3G

RALA DISSOLVING BATCHES CONDUCTED
IN X-10'SBUILDING 706-D
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
1A 28-May | 1945 | Night Shift, Beginning 58 0 0 6 1
1B 28-May | 1945 Day, Beginning 58 0 0 6 1
1C 29-May | 1945 Night, Beginning 49 0 0 7 1
1D 29-May | 1945 Day, Middle 43 0 0 12 1
2AA 5-Jun 1945 Night, Beginning 52 0 0 7 2
2AB 5-Jun 1945 Swing, Beginning 52 0 0 7 2
2AC 6-Jun | 1945 Night, Middle 52 0 0 8 1
2AD 6-Jun | 1945 Swing, Middle 52 0 0 5 1
2BA 7-dun | 1945 Night, Middle 52 0 0 6 1
2BB 8-Jun 1945 Swing, Beginning 52 0 0 7 2
2BC 9-Jun 1945 Night, Beginning 52 0 0 9 1
2BD 9-Jun | 1945 Swing, Middle 52 0 0 5 1
2CA 10-Jun | 1945 Night, Middle 52 0 0 6 1
2CB 11-Jun | 1945 Day, Beginning 52 0 0 8 1
2CC 11-Jun | 1945 Swing, Beginning 52 0 0 14 1
2CD 12-Jun | 1945 Day 52 0 0 4-14 U* 1
3AA 12-Jul 1945 Swing, Beginning 733 0 0 6 1
3AB 13-Jul | 1945 Night, Middle 73.3 0 0 6 1
3AC 13-Jul 1945 Swing, Beginning 733 0 0 7 1
3AD 14-Jul | 1945 Night, Beginning 73.3 0 0 10 1
3BA 15-Jul | 1945 Night 73.3 0 0 9 1
3BB 15-Jul | 1945 Swing 73.3 0 0 5 1
3BC 16-Jul | 1945 Day 73.3 0 0 6 2
3BD 16-Jul | 1945 Swing 73.3 0 0 9 2
3CA 17-Jul | 1945 Swing 73.3 0 0 6 2
3CB 18-Jul | 1945 Day 73.3 0 0 6 1
3CC 18-Jul | 1945 Swing 73.3 0 0 8 1
3CD 19-Jul | 1945 Day 25 0 0 4-14U 1
4AA 6-Aug | 1945 Swing 52 0 0 5 1
4AB 7-Aug | 1945 Night 52 0 0 6 1
4AC 7-Aug | 1945 Swing 52 0 0 8 1
4AD 8-Aug | 1945 Night 52 0 0 12 1
4AE 8-Aug | 1945 Day 52 0 0 4 1
4AF 9-Aug | 1945 Night 52 0 0 4 1
4BA 9-Aug | 1945 Swing 52 0 0 6 1
4BA' 10-Aug | 1945 Swing 52 0 0 4-7U 1
4BB 11-Aug | 1945 Swing 52 0 0 3 1
4BC 12-Aug | 1945 Night 52 0 0 6 1
4BD 12-Aug | 1945 Day 52 0 0 4 1
4BE 13-Aug | 1945 Night 52 0 0 4 1
4BF 13-Aug | 1945 Day 52 0 0 5 1
4CA 15-Aug | 1945 Night 52 0 0 4 1
4CB 15-Aug | 1945 Day 52 0 0 4 1
4CC 15-Aug | 1945 Swing 52 0 0 4 1
4CD 16-Aug | 1945 Day 52 0 0 4 1
4CE 16-Aug | 1945 Swing 52 0 0 5 1
4CF 17-Aug | 1945 Day 52 0 0 47U 1
4CG 20-Aug | 1945 Night 52 0 0 11 1
4CH 20-Aug | 1945 Day 52 0 0 12 1
4CI 23-Aug | 1945 Day 52 0 0 9-22U 1

* Denotes a range between 4 and 14 hours, with each contained whole-number duration equally likely.

McLaren/Hart-ChemRisk; Oak Ridge Dose Reconstruction Page 3G-3 Task 1 Report; July 1999



Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class

5BA 4-Sep | 1945 Swing 61.5 0 0 6 1
5BB 5-Sep | 1945 Night 61.5 0 0 6 1
5BC 5-Sep | 1945 Day 61.5 0 0 4-14U 1
5BD 6-Sep | 1945 Day, Beginning 61.5 0 0 5 1
5BE 6-Sep | 1945 Day, End 61.5 0 0 5 1
5BF 7-Sep | 1945 Night, Beginning 61.5 0 0 7 1
5BG 7-Sep | 1945 Day 61.5 0 0 6 1
5BH 8-Sep | 1945 Night 61.5 0 0 5 1
5BI 8-Sep | 1945 Day 61.5 0 0 4 1
5CA 9-Sep | 1945 Night 61.5 0 0 4 1
5CB 10-Sep | 1945 Day 61.5 0 0 3 1
5CC 10-Sep | 1945 Swing, Beginning 61.5 0 0 4 1
5CD 11-Sep | 1945 Night 61.5 0 0 5 1
5CE 11-Sep | 1945 Swing, Beginning 61.5 0 0 5 1
5CF 12-Sep | 1945 Day 61.5 0 0 7 1
5CG 12-Sep | 1945 Swing 61.5 0 0 9 1
5CH heels | 13-Sep | 1945 Night 61.5 0 0 25-38U 1
5CI heels 14-Sep | 1945 Day 61.5 0 0 41-54 U 1
6A 24-Nov | 1945 Day, Beginning 85 0 0 5 3
6B 24-Nov | 1945 Day, End 85 0 0 4 1
6C 25-Nov | 1945 Night 85 0 0 4-14U 2
6D 25-Nov | 1945 Day 85 0 0 4 1
6E 25-Nov | 1945 10:30 PM 85 0 0 4 1
6F 26-Nov | 1945 Day 85 0 0 5 1
6G 26-Nov | 1945 Swing 85 0 0 5 1
Heels 28-Nov | 1945 Swing 9.3 0 0 25-38U 3
6H 2-Dec | 1945 Night 60 0 0 4 2
6l 2-Dec | 1945 Day 60 0 0 4 2
6J 2-Dec | 1945 Swing 60 0 0 5 2
6K heels 3-Dec | 1945 Day 60 0 0 11 1
Heels 3-Dec | 1945 Swing 9.3 0 0 17-30U 1
TA 14-Dec | 1945 Swing 66 0 0 3 1
7B 15-Dec | 1945 Night 66 0 0 4-14U 3
7C 15-Dec | 1945 Swing 66 0 0 3 3
7D 16-Dec | 1945 Night 66 0 0 5 1
TE 16-Dec | 1945 Day 66 0 0 4 1
F 17-Dec | 1945 Night, Beginning 66 0 0 6 1
7G 17-Dec | 1945 Day 66 0 0 6 1
™ 18-Dec | 1945 Swing 66 0 0 5 3
7l 19-Dec | 1945 Day 66 0 0 8 1
7J 20-Dec | 1945 Night 66 0 0 8 1
K 21-Dec | 1945 Night 66 0 0 10 1
7L 21-Dec | 1945 Swing 66 0 0 4-14U 1
™ 22-Dec | 1945 Day 66 0 0 4-14U 1
N 23-Dec | 1945 Day 66 0 0 4-14U 1
8A 2-Jan 1946 Swing 79.65 0 0 5 2
8B 3-Jan 1946 Night 79.65 0 0 5 1
8C 3-Jan 1946 Swing 79.65 0 0 3 1
8D 4-Jan 1946 Night 79.65 0 0 4 1
8E 4-Jan 1946 Day 79.65 0 0 4 1
8F 4-Jan 1946 Swing 72 0 0 5 1
8G 5-Jan 1946 Day 79.65 0 0 3 1
8H 5-Jan 1946 Swing 79.65 0 0 3 1
8l 6-Jan 1946 Day 79.65 0 0 5 1
8J 7-Jan 1946 Swing 79.65 0 0 3 1
8K 8-Jan 1946 Night 79.65 0 0 4 2
8L 8-Jan 1946 Day 79.65 0 0 4 2
8M 9-Jan 1946 Night 79.65 0 0 3 1

McLaren/Hart-ChemRisk; Oak Ridge Dose Reconstruction Page 3G-4 Task 1 Report; July 1999



Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
8N 9-Jan 1946 Day 79.65 0 0 4-14U 1
80 11-Jan | 1946 Day 79.65 0 0 4-7U 1
8P 13-Jan | 1946 Night 79.65 0 0 4-14U 1
Heels 13-Jan | 1946 Day 79.65 0 0 25-38 U 2
9A 4-Mar | 1946 Day 61.2 0 0 3 2
9B 4-Mar | 1946 Day 61.2 0 0 4 2
9C 4 or 5-Mar| 1946 Swing or Night 61.2 0 0 3 2
9D 5-Mar | 1946 Swing 61.2 0 0 3 2
9E 5-Mar | 1946 Swing 61.2 0 0 3 2
9F 6-Mar | 1946 Day 61.2 0 0 3 1
9G 6-Mar | 1946 Swing 61.2 0 0 3 1
9H 7-Mar | 1946 Night 61.2 0 0 4 1
al 7-Mar | 1946 Swing 61.2 0 0 3 1
9J 8-Mar | 1946 Night 61.2 0 0 3 1
9K 8-Mar | 1946 Day 61.2 0 0 3 1
oL 8-Mar | 1946 Swing 61.2 0 0 3 1
oM 10-Mar | 1946 Day 61.2 0 0 4 1
ON 10-Mar | 1946 Swing 61.2 0 0 5 1
90 11-Mar | 1946 Night 61.2 0 0 7 1
10A 8-Apr | 1946 Night 67.2 0 0 3 1
10B 8-Apr | 1946 Day 67.2 0 0 4 1
10C 8-Apr | 1946 Swing 67.2 0 0 3 1
10D 9-Apr | 1946 Day 67.2 0 0 4 2
10E 9-Apr | 1946 Swing 67.2 0 0 4 2
10F 10-Apr | 1946 Night 67.2 0 0 4 1
10G 10-Apr | 1946 Swing 67.2 0 0 3 1
10H 11-Apr | 1946 Night 67.2 0 0 4 1
101 11-Apr | 1946 Swing 67.2 0 0 5 1
10J 12-Apr | 1946 Night 67.2 0 0 5 1
10K 12-Apr | 1946 Day 65.7 0 0 4 2
10L 12-Apr | 1946 Swing 67.2 0 0 9 1
10M 13-Apr | 1946 Day 66.4 0 0 4-7U 1
10N 14-Apr | 1946 Day 67.2 0 0 17-30U 1
11A 6-May | 1946 Night 65.9 0 0 4 1
11B 6-May | 1946 Day 66.9 0 0 5 1
11C 6-May | 1946 Swing 66.9 0 0 5 1
11D 7-May | 1946 Day 66.9 0 0 5 1
11E 7-May | 1946 Swing 66.9 0 0 4 1
11F 8-May | 1946 Night 66.9 0 0 4 1
11G 8-May | 1946 Day 66.3 0 0 4 1
11H 9-May | 1946 Swing 66.9 0 0 3 1
11 9-May | 1946 Swing 66.9 0 0 3 1
11 10-May | 1946 Day 66.9 0 0 4 1
11K 10-May | 1946 Swing 66.9 0 0 5 1
111 11-May | 1946 Night 66.9 0 0 16 1
11M 11-May | 1946 Swing, Beginning 66.9 0 0 11 1
1IN 13-May | 1946 Day 66.9 0 0 9 1
110 13-May [ 1946 Swing 23 0 0 17-30U 1
12A 10-Jun | 1946 Night 64.3 0 0 5 1
12B 10-Jun | 1946 Day 65.6 0 0 6 1
12C 10-Jun | 1946 Swing 62.4 0 0 6 1
12D 11-Jun | 1946 Day 68.1 0 0 5 1
12E 11-Jun | 1946 Swing 63.5 0 0 5 1
12F 12-Jun | 1946 Night 72.3 0 0 5 1
12G 12-Jun | 1946 Swing 64.3 0 0 5 1
12H 13-Jun | 1946 Night 64.3 0 0 7 2
121 13-Jun | 1946 4:00 PM 69.7 0 0 6 1
123 14-Jun | 1946 Night 66.6 0 0 4 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class

12K 14-Jun | 1946 Day 64.3 0 0 6 1
121 14-Jun | 1946 Swing 64.3 0 0 4 1
12M 15-Jun | 1946 Day 63 0 0 4-14U 1
12N 16-Jun | 1946 Day 64.3 0 0 9-22U 1
13A 13-Aug | 1946 Night 65 0 0 4-14U 1
13B 13-Aug | 1946 Day 65 0 0 47U 1
13C 13-Aug | 1946 Swing 65 0 0 47U 2
13D 14-Aug | 1946 Night 65 0 0 47U 1
13E? 14-Aug | 1946 Unknown 65 0 0 4-8U 4
13F? 15-Aug | 1946 Unknown 65 0 0 4-8U 4
13G? 15-Aug | 1946 Unknown 65 0 0 4-8U 4
13H? 16-Aug | 1946 Unknown 65 0 0 4-8U 4
131? 16-Aug | 1946 Unknown 65 0 0 4-8U 4
13J? 17-Aug | 1946 Unknown 65 0 0 4-8U 4
13K? 17-Aug | 1946 Unknown 65 0 0 4-8U 4
13L? 18-Aug | 1946 Unknown 65 0 0 4-8U 4
Heels? ~18-Aug | 1946 Unknown 32 0 0 4-8U 4
14A? ~3-Dec. | 1946 Unknown 65 0 0 4-8U 4
14B7? 3-Dec | 1946 Unknown 65 0 0 4-8U 4
14C? 4-Dec | 1946 Unknown 65 0 0 4-8U 4
14D? 5-Dec | 1946 Unknown 65 0 0 4-8U 4
14E? 6-Dec | 1946 Unknown 65 0 0 4-8U 4
14F? 7-Dec | 1946 Unknown 65 0 0 4-8U 4
14G? 8-Dec | 1946 Unknown 65 0 0 4-8U 4
14H? ~9-Dec. | 1946 Unknown 65 0 0 4-8U 4
Heels 11-Dec? [ 1946 ~Night 44 0 0 25-38U 1
15A 15-Jan | 1947 Night 58.4 0 0 4-14U 1
15B 15-Jan | 1947 Day 56.8 0 0 4-14U 1
15C 15-Jan | 1947 Swing 56.5 0 0 4-14U 1
15D 16-Jan | 1947 Day 59 0 0 4-7U 1
15 16-Jan | 1947 Swing 57 0 0 4-7U 1
15F 17-Jan | 1947 Night 57 0 0 4-14U 1
15G 17-Jan | 1947 Swing 57 0 0 4-14U 1
15H (heel) 18-Jan | 1947 Day 276 0 0 25-38U 1
151 22-Jan | 1947 ~8:00:00 AM 57 0 0 47U 1
153 22-Jan | 1947 Swing 57 0 0 4-14U 1
15K 23-Jan | 1947 Night 54.4 0 0 4-14U 1
15L 23-Jan | 1947 Day 57 0 0 4-14U 1
heels 23-Jan | 1947 Swing 30 0 0 17-30U 1
15A-A 26-Feb | 1947 Day 65.3 0 0 4-7U 1
15A-B 26-Feb | 1947 Day 715 0 0 4-14U 1
15A-C 26-Feb | 1947 Swing 60 0 0 4-7U 1
15A-D 27-Feb | 1947 Day 75.3 0 0 4-7U 1
15A-E 27-Feb | 1947 Swing 69.3 0 0 4-7U 1
15A-F 28-Feb | 1947 Night 67 0 0 4-7U 1
15A-G 28-Feb | 1947 Day 62 0 0 4-14U 1
15A-H 29-Feb | 1947 Night 67 0 0 4-7U 1
15A-I (heels) [ 1-Mar [ 1947 Day 32 0 0 4-14U 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D
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Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class

16-A 26-Mar | 1947 1:00 AM 62.4 0 0 7 1
16-B 26-Mar | 1947 Night 61.2 0 0 4-14U 1
16-C 26-Mar | 1947 Day 58.1 0 0 4-14U 1
16-D 27-Mar | 1947 Day 69.5 0 0 4-7U 1
16-E 27-Mar | 1947 Day 69.3 0 0 4-14U 1
16-F 27-Mar | 1947 Swing 725 0 0 47U 1
16-G 28-Mar | 1947 Night 59 0 0 4-14U 1
16-H 28-Mar | 1947 ~5:00 PM 63 0 0 47U 1
16-1 29-Mar | 1947 Night 60 0 0 4-14U 1
16-J hedl 29-Mar | 1947 Day 45 0 0 4-14U 1
16-K 1-Apr | 1947 Night 62 0 0 47U 1
16-L 2-Apr | 1947 Night 62 0 0 4-14U 2
17-A 21-Apr | 1947 Day 74 0 0 4-14U 2
17-B 21-Apr | 1947 Swing 67.3 0 0 4-14U 2
17-C 22-Apr | 1947 Night 60 0 0 4-14U 1
17-D 22-Apr | 1947 Swing 66 0 0 4-7U 1
17-E 23-Apr | 1947 Night 63.7 0 0 4-7U 1
17-F 23-Apr | 1947 ~4:00 PM 66.1 0 0 4-7U 1
17-G 24-Apr | 1947 Night 62 0 0 4-7U 1
17-H 24-Apr | 1947 Day 55 0 0 4-14U 1
17-1 25-Apr | 1947 Night 61 0 0 4-7U 1
17-J 25-Apr | 1947 Day 64 0 0 4-14U 1
17-K 25-Apr | 1947 11:00 PM 65 0 0 4-14U 1
17-L 26-Apr | 1947 Day 64 0 0 4-14U 2
17-M (heels) | 28-Apr | 1947 Day 31 0 0 4-7U 1
17-N (heels) | 29-Apr | 1947 Day 31 0 0 4-14U 1
17-0 (heels) | 30-Apr | 1947 Night 31 0 0 9-22U 1
17P 1-May | 1947 Day 31 0 0 17-30U 1
18A 9-dun | 1947 Day 66 0 0 4-14U 1
18B 9-Jun 1947 Swing 63 0 0 4-14U 1
18C 10-dun | 1947 Night 62 0 0 9-22U 1
18D 10-dun | 1947 Swing 69 0 0 4-14U 1
18E 11-dun | 1947 Night 59 0 0 4-14U 1
18F 11-dun | 1947 Day 69 0 0 4-14U 1
18G 12-Jun | 1947 Night 68 0 0 4-7U 1
18H 12-Jun | 1947 Swing 70 0 0 4-7U 1
18l 13-Jun | 1947 Night 68 0 0 4-7U 1
183 13-Jun | 1947 Day 62 0 0 4-14U 1
18K 13-Jun | 1947 Swing 67 0 0 4-7U 1
18L 14-dun | 1947 Day 65 0 0 4-14U 1
18M 15-Jun | 1947 Night 61 0 0 4-14U 1
19A 13-dul | 1947 Swing 65 0 0 4-7U 1
198 14-Jul | 1947 Night 64.6 0 0 4-7U 1
19C 14-Jul | 1947 Day 62.9 0 0 4-7U 1
19D 15-dul | 1947 Night 68 0 0 4-7U 1
19E 15-Jul | 1947 Day 64.2 0 0 4-7U 1
19F 15-dul | 1947 Swing 64 0 0 4-7U 1
19G 16-dul | 1947 Day 59.3 0 0 4-7U 1
19H 16-dul | 1947 Swing 70 0 0 4-7U 1
191 17-dul | 1947 Night 65 0 0 4-7U 1
193 17-dul | 1947 Day 70 0 0 4-7U 1
19K 17-dul | 1947 Swing 65 0 0 4-14U 1
19L 18-Jul | 1947 Day 66.8 0 0 4-7U 1
19M 18-Jul | 1947 Day 59.2 0 0 4-14U 1
19N 19-Jul | 1947 Day 63 0 0 57-70 U 1
20A 10-Aug | 1947 Day 63 0 0 4-14U 1
20B 10-Aug | 1947 Swing 61 0 0 4-14U 1
20C 11-Aug | 1947 Night 57.9 0 0 4-14U 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
20D 11-Aug | 1947 Swing 68.2 0 0 4-14U 1
20E 12-Aug | 1947 Night 62.6 0 0 47U 1
20F 12-Aug | 1947 Day 63 0 0 4-14U 1
20G 12-Aug | 1947 Swing 60 0 0 4-14U 1
20H 13-Aug | 1947 Swing 67.1 0 0 4-14U 1
201 14-Aug | 1947 Night 67.3 0 0 47U 1
20J 14-Aug | 1947 Night 69 0 0 4-14U 1
20K 14-Aug | 1947 Day 62 0 0 4-14U 1
20L 15-Aug | 1947 Night 66 0 0 4-14U 1
20M 15-Aug | 1947 Day 67.3 0 0 4-14U 1
20N 15-Aug | 1947 Swing 64 0 0 4-14U 1
20-O (heels) | 16-Aug | 1947 Swing 57.3 0 0 65-78 U 3
20P 19-Aug | 1947 Swing 65.7 0 0 9-22U 2
20Q 20-Aug | 1947 Day 65.7 0 0 25-38 U 1
21A 5-Oct | 1947 Day 66.0 0 0 4-14U 1
21B 5-Oct | 1947 Swing 78.0 0 0 4-14U 1
21C 6-Oct | 1947 Night 58 0 0 4-14U 1
21D 6-Oct | 1947 Swing 71 0 0 4-14U 1
21E 7-Oct | 1947 Night 68 0 0 4-7U 1
21F 7-Oct | 1947 Day 56 0 0 4-7U 1
21G 7-Oct | 1947 Swing 70 0 0 4-14U 1
21H 8-Oct | 1947 Day 70 0 0 4-14U 1
21l 8-Oct | 1947 Swing 70 0 0 4-14U 1
21 9-Oct | 1947 Night 65.4 0 0 4-14U 1
21K 9-Oct | 1947 Swing 64.7 0 0 4-7U 1
21L 10-Oct | 1947 Night 64 0 0 4-14U 1
21M 10-Oct | 1947 Swing 60.0 0 0 4-14U 1
2IN 14-Oct | 1947 Day 70.6 0 0 4-14U 1
210 14-Oct | 1947 Swing 65.5 0 0 4-14U 1
21P 15-Oct | 1947 Night 59 0 0 4-14U 1
21Q 15-Oct | 1947 Day 60.7 0 0 4-14U 1
21R 16-Oct | 1947 Swing 65.9 0 0 4-7U 1
21s 17-Oct | 1947 Day 57 0 0 9-22U 1
21T (heels) | 20-Oct | 1947 Day 7 0 0 9-22U 1
22A 9-Nov | 1947 Day 64.8 0 0 4-14U 1
22B 9-Nov | 1947 Swing 67.9 0 0 4-7U 1
22C 10-Nov | 1947 Night 66.5 0 0 4-14U 1
22D 10-Nov | 1947 Swing, beginning 70.2 0 0 4-7U 1
22E 10-Nov | 1947 Swing 66.0 0 0 4-14U 1
22F 11-Nov | 1947 Day 68.7 0 0 4-7U 1
22G 11-Nov | 1947 Swing 60.7 0 0 4-7U 1
22H 12-Nov | 1947 Day 67.4 0 0 4-14U 1
221 12-Nov | 1947 Swing 78.0 0 0 4-7U 1
22] 13-Nov | 1947 Night 69.8 0 0 4-14U 1
22K 13-Nov | 1947 Day 65.4 0 0 4-14U 1
221 14-Nov | 1947 Night 78.0 0 0 4-14U 1
22M 15-Nov | 1947 Night 65.6 0 0 4-14U 1
22N 15-Nov | 1947 Day 67.0 0 0 4-14U 1
220 15-Nov | 1947 Swing 57.2 0 0 4-14U 1
22pP 16-Nov | 1947 Swing 69.0 0 0 4-7U 1
22Q 17-Nov | 1947 Night 67.7 0 0 4-7U 1
22R 17-Nov | 1947 Night 60.0 0 0 4-14U 1
22S 17-Nov | 1947 Swing 68.2 0 0 4-14U 1
22T 18-Nov | 1947 Night 53.4 0 0 4-14U 1
22-U (heels) | 18-Nov | 1947 Swing 57.7 0 0 9-22U 1
22-V (heels) | 19-Nov | 1947 Swing 33 0 0 9-22U 1
23A ~13-Jan. | 1948 Unknown 68.8 0 0 4-22U 4
23B 13-Jan | 1948 Unknown 84.1 0 0 4-22U 4
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
23C 14-Jan | 1948 Unknown 76.3 0 0 4-22U 4
23D 14-Jan | 1948 Unknown 69.8 0 0 4-22U 4
23E 15-Jan | 1948 Unknown 72.0 0 0 4-22U 4
23F 15-Jan | 1948 Unknown 64.7 0 0 4-22U 4
23G 16-Jan | 1948 Unknown 75.0 0 0 4-22U 4
23H 16-Jan | 1948 Unknown 69.1 0 0 4-22U 4
23l 17-Jan | 1948 Unknown 77.1 0 0 4-22U 4
23] 17-Jan | 1948 Unknown 76.9 0 0 4-22U 4
23K 18-Jan | 1948 Unknown 75.4 0 0 4-22U 4
23L 19-Jan | 1948 Unknown 68.0 0 0 4-22U 4
23M 20-Jan | 1948 Unknown 431 0 0 4-30U 4
23N ~21-Jan. | 1948 Unknown 18 0 0 4-30U 4
24A 24-Feb | 1948 Unknown 65.5 0 0 4-22U 4
24B 24-Feb | 1948 Unknown 68.0 0 0 4-22U 4
24C 25-Feb | 1948 Unknown 60.7 0 0 4-22U 4
24D 26-Feb | 1948 Unknown 72.3 0 0 4-22U 4
24E 27-Feb | 1948 Unknown 68.8 0 0 4-22U 4
24F 27-Feb | 1948 Unknown 67.0 0 0 4-22U 4
24G 28-Feb | 1948 Unknown 72.0 0 0 4-22U 4
24H 28-Feb | 1948 Unknown 66.8 0 0 4-22U 4
24 1-Mar | 1948 Unknown 70.5 0 0 4-22U 4
24 1-Mar | 1948 Unknown 66.3 0 0 4-22U 4
24K 2-Mar | 1948 Unknown 70.4 0 0 4-22U 4
241 2-Mar | 1948 Unknown 60.7 0 0 4-22U 4
24M 3-Mar | 1948 Unknown 50.2 0 0 4-22U 4
24N 4-Mar | 1948 Unknown 27.3 0 0 4-22U 4
240 5-Mar | 1948 Unknown 66.1 0 0 4-22U 4
24p 6-Mar | 1948 Unknown 60.4 0 0 4-22U 4
24Q 7-Mar | 1948 Unknown 64.3 0 0 4-22U 4
24R 8-Mar | 1948 Unknown 60.0 0 0 4-22U 4
243 9-Mar | 1948 Unknown 63.6 0 0 4-22U 4
24T 10-Mar | 1948 Unknown 58.6 0 0 4-30U 4
24U ~11-Mar. | 1948 Unknown 133 0 0 4-30U 4
25A ~6-Jul | 1948 Unknown 80.9 0 0 4-22U 4
25B 8-Jul 1948 Unknown 80.2 0 0 4-22U 4
25C 9-Jul 1948 Unknown 67.1 0 0 4-22U 4
25D 11-Jul 1948 Unknown 379 0 0 4-22U 4
25E 13-Jul 1948 Unknown 66.3 0 0 4-22U 4
25F 14-Jul 1948 Unknown 69.6 0 0 4-22U 4
25G 15-Jul 1948 Unknown 69.5 0 0 4-30U 4
Heels ~17-Jul | 1948 Unknown 58.5 0 0 4-30U 4
26A ~19-Jul? | 1948 Unknown 70.7 0 0 4-22U 4
26B 19-Jul 1948 Unknown 727 0 0 4-22U 4
26C 19-Jul 1948 Unknown 57.0 0 0 4-22U 4
26D 20-Jul 1948 Unknown 77.6 0 0 4-22U 4
26E 20-Jul 1948 Unknown 727 0 0 4-22U 4
26F 20-Jul 1948 Unknown 78.9 0 0 4-22U 4
26G 21-Jul 1948 Unknown 72.2 0 0 4-22U 4
26H 21-Jul 1948 Unknown 76.2 0 0 4-22U 4
26l 21-Jul 1948 Unknown 775 0 0 4-22U 4
26J 22-Jul 1948 Unknown 75.1 0 0 4-22U 4
26K 22-Jul 1948 Unknown 73.7 0 0 4-22U 4
26L 22-Jul 1948 Unknown 784 0 0 4-22U 4
26M 23-Jul 1948 Unknown 70.6 0 0 4-22U 4
Heels 2 23-Jul 1948 Unknown 711 0 0 4-22U 4
Heels 3 23-Jul 1948 Unknown 66.5 0 0 4-22U 4
Heels4 24-Jul 1948 Unknown 57.0 0 0 4-30U 4
Heels5 24-Jul 1948 Unknown 8.6 0 0 4-30U 4
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
27A 25-Aug | 1948 Swing 575 0 0 4-14U 1
278 26-Aug | 1948 Night 62.5 0 0 4-7U 1
27C 26-Aug | 1948 Night 54.2 0 0 4-22U 1
27D 26-Aug | 1948 Swing 62.5 0 0 4-14U 1
27E 27-Aug | 1948 Night 60.3 0 0 4-14U 1
27F 27-Aug | 1948 Day 57.6 0 0 4-14U 1
27G 27-Aug | 1948 Swing 60.2 0 0 4-14U 1
27H 28-Aug | 1948 Night 63.4 0 0 4-22U 1
271 28-Aug | 1948 Swing 69.8 0 0 4-14U 1
273 29-Aug | 1948 Night 58.8 0 0 4-14U 1
27K 29-Aug | 1948 Day 58.1 0 0 4-14U 1
27L 29-Aug | 1948 Swing 55.6 0 0 4-14U 1
2™ 30-Aug | 1948 Night 61.7 0 0 4-22U 1
27N 30-Aug | 1948 Swing 52.6 0 0 4-14U 1
27-O (Heel) | 31-Aug | 1948 Night 31 0 0 4-22U 1
28A 18-Nov | 1948 Night 0 32.7 0 9-22U 1
heels 19-Nov | 1948 Day 0 3.6 0 9-22U 1
29A 11-Jan | 1949 4:25 AM 0 27.7 0 9-22U 1
29B 12-Jan | 1949 Night 0 10.0 0 4-14U 1
30A 15-Feb | 1949 Day 59.3 39 0 4-7U 1
30B 15-Feb | 1949 Day 56.6 37 0 4-14U 1
30C 15-Feb | 1949 Swing 47.0 31 0 4-14U 1
30D 16-Feb | 1949 Day 52.8 34 0 4-14U 1
30E 16-Feb | 1949 Swing 56.1 36 0 4-7U 1
30F 17-Feb | 1949 Day 379 25 0 9-22U 1
heels 19-Feb | 1949 Day 0.47 0.03 0 9-22U 1
30A-A 22-Feb | 1949 Night 64.7 4.2 0 47U 1
30A-B 22-Feb | 1949 8:00 AM 57.2 37 0 47U 1
30A-C 22-Feb | 1949 Day, middle 54.5 35 0 47U 1
30A-D 23-Feb | 1949 Night 54.0 35 0 2 2
30A-E 23-Feb | 1949 Day 50.4 33 0 4-7U 1
30A-F 24-Feb | 1949 Day, beginning 9.9 0.6 0 9-22 U 1
31A 20-Mar | 1949 Day 0 35.8 0 4-14U 1
31B 20-Mar | 1949 Swing 0 35.6 0 9-22U 1
hedls 21-Mar | 1949 Swing 0 3.9 0 4-14U 1
32A 18-Apr | 1949 Night 0 36.8 0 4-14U 2
32B 18-Apr | 1949 Day 0 329 0 9-22U 2
hedls 19-Apr | 1949 Night 0 6.0 0 9-22 U 1
33A 24-May | 1949 Night 0 40.8 0 4-14U 1
33B 24-May | 1949 Swing 0 33.0 0 4-14U 1
heels 24-May | 1949 Day 0 4.6 0 4-14U 1
34A 10-dul | 1949 Swing ~ 11 PM 0 34.6 0 9-22U 1
34B 11-Jul | 1949 Day 0 32.0 0 4-14U 1
heels 12-Jul | 1949 Night 0 6.4 0 4-14U 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

McLaren/Hart-ChemRisk; Oak Ridge Dose Reconstruction
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Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class

35A 15-Aug | 1949 Day 0 35.9 0 4-14U 1
35B 15-Aug | 1949 Swing 0 35.1 0 9-22U 1
heels 16-Aug | 1949 Day 0 15 0 4-14U 1
36A 10-Oct | 1949 Night 0 40.7 0 4-14U 1
36B 10-Oct | 1949 Day 0 30.7 0 9-22U 1
heels 11-Oct [ 1949 Night 0 4.0 0 9-22U 1
37A 21-Nov | 1949 Night 0 34.8 0 4-14U 1
37B 21-Nov | 1949 Day 0 30.9 0 9-22U 1
heels 22-Nov | 1949 Night 0 6.2 0 9-22U 1
38A 2-Jan 1950 Night, ~7 AM 0 37 0 9 1
38B 2-Jan 1950 Swing 0 31 0 4-14U 1
heels 3-Jan 1950 Day 0 6.8 0 4-14U 1
39A 16-Jan | 1950 Day 0 21.57 0 4-14U 2
39B 17-Jan | 1950 Night? 0 253 0 4-7U 1
39C 18-Jan | 1950 Day 0 29.1 0 4-14U 1
heels"B"? | 19-Jan | 1950 Night? 0 19 0 9-22U 1
40A 13-Mar | 1950 Day, ~4 PM 0 40.85 0 8 1
40B 14-Mar | 1950 Night 0 40.95 0 9-22U 1
hedls 14-Mar [ 1950 Swing 0 5 0 9-22 U 1
41A 9-Apr | 1950 Day 0 36.8 0 9-22U 1
41B 10-Apr | 1950 Night 0 31.0 0 4-14U 1
hedls 10-Apr | 1950 Swing 0 6.5 0 17-30U 1
42A 11-dun | 1950 Swing 0 36.6 0 4-14U 1
42B 12-Jun | 1950 Day 0 38.0 0 4-14U 1
42C 13-Jun | 1950 Night 0 20.5 0 4-14U 1
Heels 13-Jun | 1950 Swing 0 1.2 0 4-14U 1
43A 2-Apr | 1951 Day 58.6 0 0 9-22U 1
heels 3-Apr | 1951 Night 115 0 0 49-62 U 1
44A 14-May | 1951 Night 0 38.1 0 4-14U 1
44B 14-May | 1951 Swing 0 295 0 4-14U 1
hedls 15-May | 1951 Day, early 0 1.9 0 4-22 U 1
45A 13-Aug | 1951 Day 0 41.2 0 4-14U 1
45B 3-Aug | 1951 Swing 0 41.9 0 4-14U 1
45C 14-Aug | 1951 Night 0 39.9 0 4-14U 1
45D 15-Aug | 1951 Day 0 24.2 0 9-22U 1
46A 13-Jan | 1952 Day 0 39.4 0 4-14U 1
46B 13-Jan | 1952 Swing 0 38.9 0 4-14U 1
46C 14-Jan | 1952 Night 0 39.3 0 4-14U 1
46D 14-Jan | 1952 Day 0 36.7 0 4-14U 1
46E 14-Jan | 1952 Swing, ~11 PM 0 22.1 0 9-22U 1
47A 1-Jun | 1952 Day 0 46.6 0 4-14U 1
47B 1-Jun | 1952 Swing 0 43.6 0 47U 1
47C 2-Jun 1952 Night, beginning 0 41.2 0 4-7U 1
47D 2-Jun | 1952 Night 0 335 0 4-14U 1
47E 2-Jun | 1952 Day 0 39.1 0 4-14U 1
47F 2-Jun | 1952 Swing 0 37.2 0 4-14U 1
47-G (heels) |  3-Jun | 1952 Night 0 19.3 0 41-54 U 1
48A 29-Jun | 1952 Day 0 42.6 0 47U 1
48B 29-Jun | 1952 Swing, ~ 11:30 PM 0 40.3 0 4-14U 1
48C 30-Jun | 1952 Night, ~8 AM 0 41.7 0 47U 1
48D 30-Jun | 1952 Day 0 375 0 4-14U 1
48E 30-Jun | 1952 Swing 0 32.0 0 4-14U 1
48F 1-Jul 1952 Day 0 195 0 4-14U 1
49A 29-Jul | 1952 Swing 0 40.4 0 47U 1
49B 30-Jul | 1952 12 MN 0 374 0 47U 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
49C 30-Jdul | 1952 Night 0 39.2 0 4-14U 1
49D 30-Jdul | 1952 Day 0 38.7 0 4-14U 1
49E 30-Jdul | 1952 Swing 0 385 0 4-14U 1
49F 31-Jdul | 1952 Night 0 25.7 0 9-22U 1
heels 31-Jul | 1952 Swing 0 2.3 0 9-22U 1
50A 19-Aug | 1952 Swing 0 20.88 0 4-7U 1
50B 20-Aug | 1952 Night 0 20.5 0 4-7U 1
50C 20-Aug | 1952 Night 0 20.1 0 4-14U 1
50D 20-Aug | 1952 4:00 PM 0 18.3 0 8 1
50E 21-Aug | 1952 Night 0 14.7 0 4-14U 1
50F 21-Aug | 1952 Day 0 11.2 0 9-22U 1
51A 24-Sep | 1952 Swing 18.48 0 4-14U 1
51B 25-Sep | 1952 Night 18.94 0 4-14U 1
51C 25-Sep | 1952 Day 20.42 0 4-14U 1
51D 25-Sep | 1952 Swing 18.60 0 4-14U 1
51E 26-Sep | 1952 Night 17.54 0 4-14U 1
51F 26-Sep | 1952 Swing, ~ 6 PM 12.36 0 4-14U 1
heels 27-Sep | 1952 Night 1 0 4-14U 1
52A 24-May | 1953 Night 18.12 4-14U 1
52B 24-May | 1953 5:30 PM 18.89 10 1
52C 25-May | 1953 6:15 AM 16.65 9 1
52D 25-May | 1953 5:20 PM 15.23 12 1
heels 26-May | 1953 Day 4.27 9-22U 1
53A 4-Jul 1953 1:30 PM 171 3 1
53B 4-Jul 1953 8:38 PM 171 4-14U 1
53C 5-dul 1953 Night 17.0 4-14U 1
53D 5-dul 1953 9:30 AM 20.3 8 1
53A-E 5-dul 1953 6:20 PM 16.1 22 2
53A-F 6-Jul 1953 Swing 20.3 4-14U 1
53A-G 7-dul 1953 Night 16.8 15-23U 1
54A 5-Nov | 1953 8:20 PM 224 10.98 4 1
54B 6-Nov | 1953 Night 223 10.89 3-6U 1
54C 6-Nov | 1953 Night 241 11.79 4-14U 1
54D 6-Nov [ 1953 Swing, beginning 24.7 12.06 4-7U 2
54E 11-Nov | 1953 Night 195 9.54 4-7U 1
54F 11-Nov | 1953 Day 21.2 10.35 4-14U 1
54G 18-Nov | 1953 20:40 16.9 8.28 6 1
54H 19-Nov | 1953 8:50 15.8 7.74 7 1
541 19-Nov | 1953 22:15 12.8 6.264 8 1
54] 20-Nov | 1953 3:40 4.0 1.962 15 1
55A 16-Jan | 1954 21:00 20.82 3 1
55B 17-Jan | 1954 2:00 AM 20.8 4-7U 1
55C 17-Jan | 1954 Day 20.3 4-7U 1
55D 17-Jan | 1954 Day 20.3 4-14U 2
55E 18-Jan | 1954 22:15 16.29 4-14U 2
55F 19-Jan | 1954 Night 20.3 4-14U 1
55G 19-Jan | 1954 Day 20.3 4-14U 1
55A-H 20-Jan | 1954 12:00 MN 20.3 47U 1
55A-I 20-Jan | 1954 Day 1751 4-14U 1
55A-J 21-Jan | 1954 Night 20.3 4-14U 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release
Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
56A 26-Apr | 1954 19:14 18 4 4
56B 27-Apr ??| 1954 Unknown 18 4-14U 4
56C 28-Apr 7?| 1954 Day? 18 4-14U 4
56E? 2-May ??| 1954 Night? 18 4-14U 4
56F? 3-May ??| 1954 Unknown 18 4-14U 4
56G? 3-May ??| 1954 Unknown 18 4-14U 4
56H7? 4-May ??| 1954 Unknown 18 4-14U 4
561? 4-May?? | 1954 Unknown 17 4-14U 4
57A 17-dul | 1954 Day (~4 PM) 18.05 8 1
57B 18-Jul | 1954 2:35AM 15.06 4-14U 1
57C 18-Jul | 1954 Day 15.06 4-14U 1
57D 19-dul | 1954 Night (~2 AM) 14 4-14U 1
heels 20-Jul | 1954 Swing (~11 PM) 7.53 13 1
58A 23-Oct | 1954 Day 211 4-7U 2
58B 23-Oct | 1954 Swing 20.8 4-14U 1
58C 24-Oct | 1954 Day 17.8 4-14U 1
58D 24-Oct | 1954 Swing 15.0 4-14U 1
58E 25-Oct | 1954 Day 114 4-14U 1
59A 2-Mar | 1955 Day (~4 PM) 18.9 6 1
59B 2-Mar | 1955 23:10 17.8 4-14U 1
59C 3-Mar | 1955 Night 19.2 4-14U 1
59D 3-Mar | 1955 Swing 19.2 4-14U 1
59E 4-Mar | 1955 4:50 AM 11.6 9-22U 1
60A 15-Apr | 1955 Swing 18.05 4-7U 1
60B 16-Apr | 1955 Night 17.72 4-7U 1
60C 16-Apr | 1955 Day 17.72 4-14U 2
60D 16-Apr | 1955 Swing 17.72 4-14U 2
60E 17-Apr | 1955 Night (6:30 AM) 13.12 9-22U 1
61A 18-Jul | 1955 Day (2:50 PM) 2.48 9-22U 1
heels 19-Jul | 1955 Day 1.52 9-22U 1
62A 28-Aug | 1955 Day 14.95 9-22U 1
62B 29-Aug | 1955 Night 17.55 9-22U 1
62C 29-Aug | 1955 Swing 16.44 4-14U 1
62D 30-Aug | 1955 Night 18.66 4-14U 1
63A 2-Oct | 1955 Swing ( 10 PM) 21.84 4-14U 1
63B 3-Oct | 1955 Night 21.04 4-14U 1
63C 3-Oct | 1955 Day 18.56 4-14U 1
63D 3-Oct | 1955 Swing 18.56 4-14U 1
63E (heels) 4-Oct | 1955 Night (7 AM) 9 9-22U 1
64A 15-Jan | 1956 Swing 20.93 4-14U 1
64B 16-Jan | 1956 Night 20.93 4-14U 1
64C 16-Jan | 1956 Day 20.93 4-14U 1
64D 16-Jan | 1956 Swing 20.93 4-14U 1
64E? 17-Jan? | 1956 Assume Night 9.3 4-14U 1
65A 23-Mar | 1956 Day 213 4-14U 1
65B 23-Mar | 1956 Swing 213 4-14U 1
65C 24-Mar | 1956 Night 213 4-14U 1
65D 24-Mar | 1956 Day 7.1 4-14U 1
66A 8-May | 1956 Swing 25.59 4-14U 1
66B 9-May | 1956 Night 25.59 4-14U 1
66C 9-May | 1956 Day 25.59 4-14U 1
66D 9-May | 1956 Assume Swing 8.53 9-30 U 1
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Appendix 3G: RalL a Dissolving Batches Conducted in X-10's Building 706-D

Batch Start of Dissolving No. of Slugs Dissolved Duration | Direct Release

Name Date Y ear Shift or Time X-10 4" Hanf. | 8" Hanf. (h) Class
67A 9-Sep 1956 Swing (middle) 19.38 4-14U 1
67B 10-Sep | 1956 Night (middle) 19.38 4-14U 1
67C 10-Sep | 1956 Day 19.38 4-14U 1
67D 10-Sep | 1956 Day or Swing 19.38 4-14U 1
67E 10-Sep | 1956 Assume Swing 19.38 9-30U 1
67F 11-Sep | 1956 Assume Night, End 19.38 4-22U 1
67G 11-Sep | 1956 Swing 12.92 4-14U 1
68A 21-Oct | 1956 Swing 21.54 4-14U 1
68B 22-Oct | 1956 Night 21.54 4-14U 1
68C 22-Oct | 1956 Day 21.54 4-14U 1
68D 22-Oct | 1956 Swing 7.18 4-22U 1
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Appendix 3-H: Details of Batches for which Numbers of Slugs Dissolved were Estimated

Run 1: 208 slugs apportioned to 4 batches according to proportions of Ci Ba dissolved in those batches: A: 280 Ci
Ba; B: 281 CiBa; C: 238 CiBa; D: 208 CiBa. Total = 1007 Ci Ba.

Run 3: Based on 831 slugs charged. Assigned 25 slugs to 3CD as reported, assigned remaining slugs evenly over
remaining 11 batches. Report says ~60 effective slugs per batch rather than ~50 in previous runs.

Run 4: CF45-8-219 says 12 batches x 50 effective slugs per batch. Ops. log says there were 22 batches. 22 x 50 is
in close agreement with the 1144 slugs reported charged. 1144/22=52; assigned 52 to each batch.

Run 5: Reported 16 batches with average 61.5 effective slugs dissolved in each. Ops. log shows 18 batches;
assigned 61.5 slugs to each.

Run 6: Itis reported that the first 7 batches averaged 85 effective slugs dissolved; other 4 batches were at "normal
levels." Assigned 60 slugs to the last 4 non-heel batches. Average over 11 batches reported as 77.6 slugs; 11 x
77.6 = 853 slugs; 853 - (7x85 + 4x60) = 18; 18/2 = 9 for each heel batch.

Run 7: Report indicates 7 batches x 86.3 effective slugs dissolved in each. Ops. log shows 14 batches. The batches
after the first 7 may not have been used for the product, but dissolvings appear to have occurred. Reported 924
slugs charged / 14 batches = 66 per batch.

Run 8: Reported 17 batches with average 79.2 effective slugs dissolved in each. It is also recorded that 72 eff. slugs
were dissolved in Batch 8-F. Therefore: [(79.2x 17) - (72)]/ 16 = 79.65 eff. slugs in each of the remaining 16
batches.

Run 9: Reported average 61.2 effective slugs dissolved in each of 15 batches.

Run 10: Reported 67.2 slugs averaged over 12 batches. But Ops. log indicates 14 dissolvings took place.
Therefore, assigned 67.2 slugs to each batch for which we do not have reported slugs dissolved.

Run 11: Reported avg. 66.8 slugs dissolved over 14 batches (heels not included, but we have a reported eff. slugs
dissolved for the heels).

Run 12: Reported average 64.3 slugs over 12 batches. But logs indicate 14 dissolvings occured. Therefore
assigned 64.3 slugs to each batch with no report of siugs dissolved.

Run 13: 812 slugs dissolved per ORNL-246 Special. At 64.3 slugs/batch from previous run, would have been ~12.6
batches. Assigned 65 slugs to 12 batches and 32 to a heel batch.

Run 14: 564 slugs dissoived per ORNL-246 Special. At 64.3 slugs/batch from Run 12, would have been ~8.77
batches. Assigned 65 slugs to 8 batches and 44 to a heel batch.

Run 15: Where necessary, assigned the average of reported slugs/batch values from non-heel Run 15 batches.
Average of 5 values = 57 eff. slugs.

Run 16: Report says 10 batches at average 62.0 effective slugs dissolved per batch. Ops. log indicates 12 batches.
Assigned 62 effective slugs to each batch for which we do not have an analysis value.

Run 17: ORNL-246 Special says 892 slugs were dissolved. 12 x 64 accounts for 768; the remaining 124 slugs were
divided among the 4 final “heel" batches (31 to each).

Run 19: ORNL-246 Special says 905 slugs were dissolved. Available analyses account for 842. 905 - 842 = 63
slugs assigned to final Batch 19N.
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Appendix 3-H: Details of Batches for which Numbers of Slugs Dissolved were Estimated

Run 20: For Batches 20-P and 20-Q, set sluge dissolved equal to the average for the previous three non-heel
batches.

Batch 22-V: Assumed number of slugs dissolved was equal to 50% of the average reported effective slugs per batch
value for the run (66.1).

Batch 23-N: Assumed equal to 25% of the average reported effective slugs per batch value for the run (70.8).
Analytical report says "N-Heels" and "—" in the Slugs column.

Run 25: Analytical data per ORNL-CF-48-7-152, a 7/13/48 memo from Wyatt to Emlet. Poor copy— some values
difficult to read, but batches add up to correct total.

Run 26: Analytical data indicate 1215 effective slugs were dissolved.
Batch 39-B: Assumed equal to average of effective slugs dissolved values for preceeding and subsequent batches.

Run 51: No slugs dissolved value given for heels. Total charged = 107, minus 106.34 by analysis leaves ~ 1
effective slug for the heel batch.

Run 34: The 184 4" Hanford and 90 8" Hanford slugs used were apportioned according to distribution of Ci of Ba
dissolved in batches A thru J (A thru | from CF53-12-19, J from Ops log A-453 11/20/53 Swing shift). For each
batch, the fraction of total Ba dissolved was multiplied times 184 to estimate the number of 4"W slugs dissolved and
by 90 to estimate the number of 8"W slugs dissolved.

Run 55: The Ops. log indicates 197 slugs were charged to the dissolver. 75.42 are accounted for in analysis resuits
we have. The remaining 121.58 were assigned evenly to the other 6 batches.

Run 56: The April 30, 1954 memo from Stanley to Larson indicates that three dissolvings of about 18 slugs each had
occurred before the 4th cut was started. Logs show that 161 slugs were charged on 4/26 and 4/27 (this conflicts with
Stanley's memo, which says 101 Hanford slugs were loaded). Assumed 18 slugs dissolved in Batches A-H, 17 in
Batch 56-I. Releases from the Batch 568-D accident are handled separately.

Run 57. ORNL-CF-54-8-56 indicates 69.7 effective 8" Hanford slugs were dissolved. Analytical data is in Ops. logs
for two batches; the remaining 37.65 effective slugs were apportioned to the other 3 batches as foliows; 40% to each
main batch and 20% to the heel batch.

Run 58: The Ops. log indicates 86 slugs were loaded. The Ops. log indicates Ci Ba for 4 of the 5 batches as 9829,
9705, 8291, —, 5325. A value of 7000 Ci was estimated for Batch D to follow the observed trend. The 86 slugs
reported dissolved were then apportioned to the 5 batches according to the fraction of total Ci Ba dissolved in each.

Run 59: ORNL-CF-55-4-10 states that 86.6 effective 8" Hanford slugs were dissolved. The Ops. log gives Ci Ba and
effective slugs values for Batch 59-A; this was used to determine Ci Ba per slug as 7922/18.9=419.15. Used this
value to convert 7475 Ci Ba for Batch 59-B to 17.8 slugs and 4860 Ci Ba for Batch 59- E to 11.6 slugs. This left 38.3
slugs from the total 86.6 slugs; which were divided evenly across Batches 59-C and -D.

Run 60: ORNL-CF-55-5-82 indicates that 84.4 effective 8" Hanford slugs were dissolved. The Ops. logs attribute
18.05 slugs to Batch 60-A and 13.12 slugs to Batch 60-E. This left 53.15 out of the 84.4; there were divided evenly
between Batches 60-B, C, and D.

Run 61: ORNL-CF-55-8-7 indicates that 4 effective 8" Hanford slugs were dissoived. 50 X slugs were aiso used, but

they were "old ones" . The Ops. log atiributes 1423 Ci Ba to Batch 61-A and 870 Ci Ba to Batch 61-B (heels).
Assigned the 4 siugs to Batches 61-A and -B in same proportions.
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Appendix 3-H: Details of Batches for which Numbers of Slugs Dissolved were Estimated

Run 62: ORNL-CF-55-10-12 indicates that 67.6 effective 8" Hanford slugs were dissolved. The Ops. log gives the
values shown for Batches 62-A, B, and C. They sum to 48.94, leaving 18.66 from the 67.6 for Batch 62-D.

Run 63: Logs show 89 slugs were charged. The Ops. log gives Ci Ba for Batches 63-A, B, C, and D. Assumed 90%
of charged slugs (80 slugs) were dissolved in the 4 batches and 10% (9 slugs) in the heel batch. Assigned the 80
slugs to the 4 batches in same proportions as the Ci of Ba dissolved in each (i.e., 11,350; 10,940; 9.679; 9,666).

Run 64: ORNL-CF-56-2-18 indicates that 93 effective 8" Hanford slugs were dissalved. Assumed 90% were
dissolved in 4 batches and 10% in the heel batch.

Run 65: ORNL-CF-56-4-63 indicates that 71 8" Hanford slugs were dissolved. Assumed 90% were dissolved in the
3 batches and 10% were dissolved in the final batch.

Run 66: ORNL-CF-56-6-49 indicates that 85.3 effective 8" Hanford slugs were dissolved. Assumed 90% were
dissolved in the first 3 batches and 10% in the final batch.

Run 67: ORNL-CF-56-9-104 indicates that 129.2 effective 8" Hanford slugs were dissolved. Assumed 90% were
dissolved in the first 6 batches and 10% in the final batch.

Run 68: ORNL-CF-56-11-28 indicates that 71.8 effective 8" Hanford slugs were dissolved. Assumed 90% were
dissolved in the first 3 batches and 10% in the final batch.
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8. Heeb, C. M.; “Uncertainties in Source Term Calculations Generated by the
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Memo:
This memo describes briefly the find caculations performed to establish the average inventory per dug
at discharge for X-dugsirradiated in the Clinton pile for Ral.a production, including trestment of
uncertainties.

Inventory Calculations

Inventory caculations for X-dugs proceeded as follows:

1. edablish the operating power leve for the pile for each eight hour shift from 7/27/44 to 12/5/47

2. edablish the charge and discharge dates for al dugs pushed for each RalLarun

3. for each charge and discharge date, establish the shift on which the dugs were charged and

discharged

cdculae the pesk dug inventory for each group pushed for each run

edtablish the position factors for each dug in each group pushed

6. sum up thetotd inventory for each group pushed for each run for selected isotopes (in terms of both

grams and curies)

sum up tota inventories for each isotope for each run (i.e., sum up the data for each channel)

8. dividethetotdsfor each run by the number of dugs pushed and their mass to get the average
content per dug and per kilogram of uranium

9. compute the average content per dug and per kilogram of uranium for each isotope over adl RaLa
runs in which X-dugs were used for which push data had been obtained

o s

~

The operating power levels for the pile for each shift were computed by taking the accumulated power
(in kWh) recorded in the pile operations logbooks for each shift and dividing this value by 8.0 hours.
This task required pile operations logbooks volumes 6 through 21. These datawere compiled in a
DOSfile caled SCHEDULE, an excerpt from which is shown in Fig. 1 below.

Charge and discharge dates for each channed pushed were taken directly from the push data for each
run. There are two runsin the period from 1945 to 1947 for which we could not |ocate complete push
data. Thesewereruns 17 (April of 1947) and 20 (August of 1947). In addition, no push datawas
located for any of the X-dug runs conducted in 1948 (Runs 23 through 27). Note that in many cases
the dugs pushed from a given channe for a given run were charged on different dates. When this
occurred, group numbers were used to keep up with each set of dugs from the same channd that had a
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unique irradiation higtory. Channels for which al of the dugs had the same irradiation history were
assigned the group number 1 by defaullt.

Figurel Excerpt from the SCHEDULE file

SHIFT PONER TO AVERAGE POVER
DATE  SHIFT  POAER DATE (kWh) FOR SHI FT (kW
7/27/44 12 - 8 24912 5724722 3114. 000
7/27/44 8 - 4 7000 5731722 875. 000
7/ 27/ 44 4 - 12 8942 5740664 1117. 750
7/28/44 12 - 8 24905 5765569 3113. 125
7/28/44 8 - 4 17655 5783224 2206. 875
7/28/ 44 4 - 12 24160 5807384 3020. 000
7/29/44 12 - 8 25146 5832530 3143. 250
7/29/44 8 - 4 17206 5849736 2150. 750
7/29/ 44 4 - 12 24583 5874319 3072. 875
7/30/ 44 12 - 8 24422 5898741 3052. 750
7/30/44 8 - 4 23742 5922483 2967. 750
7/30/ 44 4 - 12 24268 5946751 3033. 500
7/31/ 44 12 - 8 24920 5971671 3115. 000
7/31/44 8 - 4 21250 5992921 2656. 250
7/31/ 44 4 - 12 22855 6015776 2856. 875

While the push data retrieved for each run gave the charge and discharge dates for each group of dugs,
it did not give the shift on which the charge or discharge took place. This information was taken from
the pile operations logbooks for each group of dugs and was documented adong with the push data
The complete set of charge and discharge data for dl of the runs for which such was avalable was
compiled in aDOSfile called SLUGLIST. An excerpt from SLUGLIST is presented in Fig. 2 below.

Figure2 Excerpt from the SLUGLIST file

PUSH DATA FOR RALA RUN 01 CHARGED DI SCHARGED

CHANNEL NO. GROUP  SLUGS DAYS DATE SHI FT DATE SHI FT
2069 1 29 302 7127144 4 - 12 5/25/45 8 - 4
1967 1 30 232 10/5/44 8 - 4 5/25/45 8 - 4
1968 1 30 232 10/5/44 8 - 4 5/25/45 8 - 4
1969 1 30 232 10/5/44 8 - 4 5/25/45 8 - 4
1970 1 30 232 10/5/44 8 - 4 5/25/45 8 - 4
1767 1 30 232 10/5/44 8 - 4 5/25/45 8 - 4
1771 1 30 210 10/ 27/ 448 - 4 5/25/45 8 - 4

After dl of the needed irradiation history data had been compiled for each run (for which such was
avalable), peak dug inventories were caculated for each group of dugs for each run. Pesk dug
inventory refersto the inventory that would be calculated for adug located a the point of maximum flux
in the Clinton pile that had the same irradiation history (time of charge and discharge) as adug group of
interest. The pesk dug approach was chosen because it was best for calculating inventories for
individua dugs based on the quantitative data we had for the Clinton pile. Specificdly, we had afactor
with which to convert from tota pile power to pesk flux and we had an expression for computing the
reaive flux anywhere in the pile with respect to the pesk flux. Hence, dl inventory cdculations
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performed for X-dugs were carried out by computing the inventory for adug located at the point of
maximum flux, and then scaling this result down for the actua point of interest using the relative flux
equeation.

Peak dug inventories were computed using the ORIGENZ2.1 computer code. A boiler-plate input file
was created that computed the fisson product inventories in both grams and curies for asingle X-dug
(1275 grams of natura uranium) using the CANDUNAU cross-section and fisson product yield library
file digributed with the code. The uranium was irradiated in eight hour increments starting with the shift
on which agroup of interest was charged and ending with the shift on which the dugs were discharged.
For each eight hour increment, the fudl was irradiated at aflux level corresponding to the peak flux
associated with the operating power leve for the pile for that particular shift. Power levelswere
converted to flux using the factor 3.102 " 10° neutrons cmi® second ™ watt™ to compute thermal flux,
and then multiplying the thermd flux by 3.16 to get totd flux for the CANDUNAU modd. Thebasis
for power-to- peak-flux factor is given in the section of this memo discussing its associated uncertainty.
Cdculation of the 3.16 converson factor is described in SRA caculation SRA-95-003, Rev. 0[1].

A computer program called ORIGENRS was developed to complete the task of running ORIGEN for
each group of dugsfor each RalLarun that had a unique irradiation history. Note that not every group
of dugs for agiven run had a unique history, as many channels would be charged a the sametime.
Hence, in many cases, asingle ca culation would provide the needed peak dug datafor severa groups
of dugs. The purpose of the ORIGENRS program was to automate generation of the input files for
each ORIGEN calculation and to extend the capability of the code to compute ingrowth over thousands
of irradiation steps by running the code in a sequential manner, with the output from a previous run
acting asthe input for the next. ORIGEN is normdly limited to atotd of 150 irradiation stepsin any
givenrun. Inthe case of the calculations for Task 1 (where the fud wasirradiated in eight hour
increments), this limited usto a 50 day irradiation duration for asingle run, which was not sufficient in
most cases. The ORIGENRS program read the irradiation history data from the SCHEDULE and
SLUGLIST filesfor agiven group of dugs, generated an ORIGEN input file for the first 40 days of
irradiation, ran ORIGEN and then used the inventory data generated as the starting inventory in the
input for the next 40 days. This cycle was repeated until the totd irradiation duration was reached. In
each case, ORIGEN was configured to give inventory results a the end of theirradiation cycle and a
four hour increments thereafter up through 24 hours of decay time.

After dl of the peak dug inventory caculations had been completed, a macro was written in the text
editor program BRIEFO to strip out the desired data and save it in DOS files having a standard format.
The data stripped out were grams of each of the species ™'l (stable), 21, 134, 132, 133 134 139 140Bg,
total iodine, and total barium; and curies of these same species with the exception of *#I. Following
this, another computer program was written that read these data files and inserted the datainto
spreadshet files that summarized the peak dug inventory datafor each group of dugs pushed for each
run. These spreadsheets are 23 columns wide, so only asmal portion of one of them (for RaLa Run
01) is presented in Fig. 3 below.
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Figure 3 Portion of a peak dug inventory spreadsheet

Channel Number 1-127 1-129 1-131

Number Grou of Slugs rams Curies rams Curies rams Curies
2069 1 29 9.723E-05 N/A 4.365E-04 7.709E-08 | 8.083E-05 1.002E+01
1967 1 30 7.706E-05 N/A 3.499E-04 6.180E-08 | 8.060E-05 9.996E+00
1968 1 30 7.706E-05 N/A 3.499E-04 6.180E-08 | 8.060E-05 9.996E+00
1969 1 30 7.706E-05 N/A 3.499E-04 6.180E-08 | 8.060E-05 9.996E+00
1970 1 30 7.706E-05 N/A 3.499E-04 6.180E-08 | 8.060E-05 9.996E+00
1767 1 30 7.706E-05 N/A 3.499E-04 6.180E-08 | 8.060E-05 9.996E+00
1771 1 30 6.919E-05 N/A 3.157E-04 5.576E-08 | 8.052E-05 9.986E+00

After the pesk dug inventories for each group had been compiled in spreadshests, the next step was to
define the positions of the dugs pushed from each channd for eech run. Thisis sraightforward in dl but
two cases, as the dugs pushed from a given channd were assumed to have been loaded symmetrically
(inthe axid direction) about the center of the channdl. However, for RalLa Runs 01 and 02, not al of
the dugs in some of the channds were pushed. Hence, the dug positions had to be chosen to account
for the fact that only the west-most dugs were used in these cases. For the purpose of the find X-dug
inventory caculations, dl channds were assumed to have been charged in the previoudy named load-
centered configuration. Recal that the numbering convention for dug positionsisthat east dugs are
numbered starting with -1 for the first dug east of channd center and west dugs are numbered sarting

with 1 for thefirg dug west of center. For each group of dugs for a given channel, dug positions were
chosen to reflect the pogtion of the dugsin each group at the time of discharge.

After positions had been established for dl of the dugs, the total discharge inventory for eech group was
computed for each run. A computer program was written that summed up the rlaive flux vaues for
each dug in agiven group and multiplied this sum by the corresponding pesk dug inventory for thet
group. This product was then multiplied by afactor of 0.633 to correct for the fact the peak dug
inventory is based on the flux corresponding to a pile experimenta hole and not fud. Two sets of
spreadsheets were used for these caculations: one set for results in grams and one for resultsin curies.
However, these are so large that not even an excerpt can be shown here.

After the totd inventories for each group had been established for each run, a spreadsheet was created
to sum up these data to provide totas for each run. The totas for each run were then divided by both
the number of dugs discharged and their total mass to get the average content for each run per dug and
per kilogram of uranium. (Mass was computed using the vaue 1.175 kg uranium per dug.) Findly, the
average content data were averaged over dl runsto obtain sngle values that could be used to establish
the quantity of selected isotopesin a given number of dugs or mass of uranium for any Ral_a campaign
inwhich X-dugswere used. These results are provided in Figures 4 through 9 below.
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Figure4 Total inventoriesin gramsfor X-dug RaLaruns

Total Discharge Inventory (grams) for Run

Run Total Total Total Total
Number Slugs Mass (ka) 1:127 1-129 1-131 1-132 1:133 1:134 1:135 Ba-140 lodine Barium
1 209 245575 7.572E-03 3.433E-02 7.733E-03 1.366E-04 1.690E-03 1.916E-05 3.467E-04 2.764E-02 5.183E-02 3.837E-01
2 657 771975 2.010E-02 9.104E-02 2.046E-02 3.497E-04 4.940E-03 1.724E-04 1.371E-03 7.536E-02 1.384E-01 1.022E+00
3 845 992.875 1.804E-02 8.329E-02 3.374E-02 6.229E-04 8.551E-03 2.663E-04 2.289E-03 1.149E-01 1.468E-01 9.904E-01
4 1182 1388.850 3.164E-02 1.449E-01 4.733E-02 8.536E-04 1.164E-02 3.240E-04 3.008E-03 1.675E-01 2.397E-01 1.686E+00
5 1054 1238.450 1.341E-02 6.347E-02 3.954E-02 6.946E-04 9.758E-03 3.365E-04 2.743E-03 1.395E-01 1.300E-01 8.235E-01
6 816 958.800 1.475E-02 6.922E-02 3.383E-02 6.047E-04 8.590E-03 3.058E-04 2.426E-03 1.215E-01 1.297E-01 8.622E-01
7 933 1096.275 2.160E-02 9.966E-02 3.531E-02 6.318E-04 8.991E-03 3.576E-04 2.696E-03 1.284E-01 1.693E-01 1.181E+00
8 1791 2104.425 4.950E-02 2.251E-01 7.102E-02 1.321E-03 1.891E-02 7.266E-04 5.481E-03 2.464E-01 3.721E-01 2.594E+00
9 897 1053.975 1.601E-02 7.474E-02 3.890E-02 7.021E-04 9.824E-03 3.911E-04 2.868E-03 1.369E-01 1.434E-01 9.341E-01
10 866 1017.550 2.188E-02 1.008E-01 3.672E-02 6.557E-04 9.269E-03 3.777E-04 2.732E-03 1.328E-01 1.725E-01 1.197E+00
11 916 1076.300 1.464E-02 6.849E-02 3.806E-02 6.533E-04 8.685E-03 4.033E-04 2.670E-03 1.363E-01 1.336E-01 8.710E-01
12 916 1076.300 1.495E-02 6.948E-02 3.374E-02 6.054E-04 8.470E-03 3.253E-04 2.437E-03 1.205E-01 1.300E-01 8.602E-01
13 819 962.325 2.386E-02 1.071E-01 2.980E-02 5.358E-04 7.608E-03 3.245E-04 2.258E-03 1.070E-01 1.715E-01 1.220E+00
14 643 755.525 1.721E-02 7.897E-02 2.459E-02 4.214E-04 4.868E-03 1.441E-04 1.046E-03 8.926E-02 1.273E-01 9.180E-01
15 819 962.325 1.662E-02 7.767E-02 3.511E-02 6.403E-04 8.769E-03 3.483E-04 2.490E-03 1.213E-01 1.417E-01 9.445E-01
15A 592 695.600 2.152E-02 9.698E-02 2.395E-02 4.370E-04 6.118E-03 2.169E-04 1.702E-03 8.587E-02 1.509E-01 1.092E+00
16 784 921.200 1.365E-02 6.358E-02 3.107E-02 5.480E-04 7.640E-03 2.894E-04 2.199E-03 1.115E-01 1.190E-01 7.896E-01
18 916 1076.300 5.011E-02 2.180E-01 3.459E-02 6.182E-04 8.549E-03 3.139E-04 2.429E-03 1.241E-01 3.146E-01 2.343E+00
19 889 1044.575 3.405E-02 1.488E-01 3.157E-02 5.291E-04 6.707E-03 2.416E-04 1.900E-03 1.152E-01 2.238E-01 1.641E+00
21 1181 1387.675 1.457E-02 7.003E-02 4.688E-02 8.503E-04 1.192E-02 4.910E-04 3.510E-03 1.647E-01 1.483E-01 9.261E-01
22/22A 1279 1502.825 2.422E-02 1.113E-01 4.774E-02 8.652E-04 1.265E-02 5.275E-04 3.792E-03 1.682E-01 2.011E-01 1.343E+00
Figure5 Total inventoriesin curiesfor X-dug RaLaruns
Total Discharge Inventory (curies) for Run
Run Total Total Total Total
Number Slugs Mass (ka) 1-127 1-129 -131 1-132 1-133 1-134 1-135 Ba-140 lodine Barium
1 209 245575 N/A 6.064E-06 9.590E+02 1.411E+03 1.916E+03 5.113E+02 1.218E+03 2.016E+03 6.863E+03 4.277E+03
2 657 771.975 N/A 1.608E-05 2.537E+03 3.611E+03 5.598E+03 4.600E+03 4.815E+03 5.498E+03 2.897E+04 2.588E+04
3 845 992.875 N/A 1.471E-05 4.185E+03 6.433E+03 9.691E+03 7.107E+03 8.041E+03 8.382E+03 4.754E+04 3.985E+04
4 1182 1388.850 N/A 2.560E-05 5.870E+03 8.815E+03 1.320E+04 8.647E+03 1.057E+04 1.222E+04 6.176E+04 5.049E+04
5 1054 1238.450 N/A 1.121E-05 4.904E+03 7.172E+03 1.106E+04 8.981E+03 9.636E+03 1.018E+04 5.704E+04 4.996E+04
6 816 958.800 N/A 1.222E-05 4.195E+03 6.244E+03 9.735E+03 8.162E+03 8.523E+03 8.863E+03 5.074E+04 4.501E+04
7 933 1096.275 N/A 1.760E-05 4.379E+03 6.524E+03 1.019E+04 9.544E+03 9.470E+03 9.364E+03 5.636E+04 5.164E+04
8 1791 2104.425 N/A 3.976E-05 8.808E+03 1.364E+04 2.143E+04 1.939E+04 1.925E+04 1.797E+04 1.155E+05 1.039E+05
9 897 1053.975 N/A 1.320E-05 4.824E+03 7.251E+03 1.113E+04 1.044E+04 1.007E+04 9.991E+03 6.151E+04 5.624E+04
10 866 1017.550 N/A 1.781E-05 4.554E+03 6.771E+03 1.050E+04 1.008E+04 9.596E+03 9.688E+03 5.869E+04 5.435E+04
11 916 1076.300 N/A 1.210E-05 4.721E+03 6.745E+03 9.841E+03 1.077E+04 9.380E+03 9.941E+03 5.985E+04 5.768E+04
12 916 1076.300 N/A 1.227E-05 4.184E+03 6.252E+03 9.598E+03 8.682E+03 8.560E+03 8.790E+03 5.207E+04 4.726E+04
13 819 962.325 N/A 1.892E-05 3.695E+03 5.532E+03 8.622E+03 8.662E+03 7.932E+03 7.806E+03 4.921E+04 4.620E+04
14 643 755.525 N/A 1.395E-05 3.049E+03 4.352E+03 5.518E+03 3.846E+03 3.674E+03 6.512E+03 2.701E+04 2.361E+04
15 819 962.325 N/A 1.372E-05 4.355E+03 6.613E+03 9.936E+03 9.295E+03 8.746E+03 8.848E+03 5.479E+04 5.005E+04
15A 592 695.600 N/A 1.713E-05 2.971E+03 4.512E+03 6.933E+03 5.790E+03 5.979E+03 6.264E+03 3.603E+04 3.191E+04
16 784 921.200 N/A 1.123E-05 3.853E+03 5.660E+03 8.657E+03 7.724E+03 7.726E+03 8.132E+03 4.677E+04 4.236E+04
18 916 1076.300 N/A 3.849E-05 4.289E+03 6.383E+03 9.689E+03 8.376E+03 8.534E+03 9.052E+03 5.149E+04 4.615E+04
19 889 1044.575 N/A 2.629E-05 3.916E+03 5.463E+03 7.601E+03 6.449E+03 6.676E+03 8.408E+03 4.105E+04 3.699E+04
21 1181 1387.675 N/A 1.237E-05 5.814E+03 8.780E+03 1.351E+04 1.310E+04 1.233E+04 1.201E+04 7.589E+04 7.011E+04
22/22A 1279 1502.825 N/A 1.966E-05 5.921E+03 8.936E+03 1.433E+04 1.408E+04 1.332E+04 1.227E+04 8.060E+04 7.467E+04
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Figure6 Averageinventory (gramsper dug) for each RaLarun and for all runs combined

Average Discharge Inventory (grams per slug) for Run

Run Total Total
Number 1-127 1-129 1-131 1-:132 1-133 1-:134 1-135 Ba-140 lodine Barium
3.623E-05 1.643E-04 3.700E-05 6.538E-07 8.088E-06 9.167E-08 1.659E-06 1.322E-04 2.480E-04 1.836E-03
3.059E-05 1.386E-04 3.114E-05 5.322E-07 7.518E-06 2.624E-07 2.086E-06 1.147E-04 2.107E-04 1.555E-03
2.135E-05 9.857E-05 3.993E-05 7.372E-07 1.012E-05 3.151E-07 2.709E-06 1.360E-04 1.737E-04 1.172E-03
2.676E-05 1.226E-04 4.004E-05 7.221E-07 9.851E-06 2.741E-07 2.545E-06 1.417E-04 2.028E-04 1.426E-03
1.272E-05 6.022E-05 3.751E-05 6.590E-07 9.258E-06 3.193E-07 2.603E-06 1.324E-04 1.233E-04 7.813E-04
1.808E-05 8.483E-05 4.146E-05 7.410E-07 1.053E-05 3.748E-07 2.973E-06 1.489E-04 1.590E-04 1.057E-03
2.315E-05 1.068E-04 3.785E-05 6.772E-07 9.637E-06 3.833E-07 2.890E-06 1.376E-04 1.814E-04 1.266E-03
2.764E-05 1.257E-04 3.965E-05 7.376E-07 1.056E-05 4.057E-07 3.060E-06 1.376E-04 2.078E-04 1.448E-03
1.785E-05 8.332E-05 4.337E-05 7.828E-07 1.095E-05 4.360E-07 3.197E-06 1.527E-04 1.599E-04 1.041E-03
2.526E-05 1.164E-04 4.240E-05 7.571E-07 1.070E-05 4.361E-07 3.154E-06 1.533E-04 1.992E-04 1.383E-03
1598E-05 7.478E-05 4.155E-05 7.132E-07 9.481E-06 4.403E-07 2.915E-06 1.487E-04 1.459E-04 9.508E-04
1.632E-05 7.586E-05 3.683E-05 6.609E-07 9.247E-06 3.552E-07 2.660E-06 1.315E-04 1.419E-04 9.391E-04
2.914E-05 1.308E-04 3.638E-05 6.542E-07 9.290E-06 3.962E-07 2.757E-06 1.306E-04 2.094E-04 1.490E-03
2.677E-05 1.228E-04 3.824E-05 6.553E-07 7.571E-06 2.241E-07 1.627E-06 1.388E-04 1.979E-04 1.428E-03
2.030E-05 9.484E-05 4.287E-05 7.818E-07 1.071E-05 4.253E-07 3.040E-06 1.481E-04 1.730E-04 1.153E-03

15A 3.634E-05 1.638E-04 4.046E-05 7.381E-07 1.033E-05 3.665E-07 2.875E-06 1.450E-04 2.549E-04 1.844E-03

16 1.741E-05 8.109E-05 3.963E-05 6.990E-07 9.745E-06 3.691E-07 2.805E-06 1.422E-04 1.518E-04 1.007E-03

18 5.471E-05 2.379E-04 3.776E-05 6.749E-07 9.334E-06 3.426E-07 2.652E-06 1.355E-04 3.434E-04 2.558E-03

19 3.830E-05 1.674E-04 3.552E-05 5.952E-07 7.544E-06 2.718E-07 2.137E-06 1.296E-04 2.518E-04 1.846E-03

21 1.234E-05 5.930E-05 3.969E-05 7.200E-07 1.009E-05 4.158E-07 2.972E-06 1.394E-04 1.255E-04 7.841E-04

22/22A 1.894E-05 8.701E-05 3.733E-05 6.765E-07 9.890E-06 4.125E-07 2.965E-06 1.315E-04 1.572E-04 1.050E-03

Average over allruns = 2.506E-05 1.141E-04 3.889E-05 6.938E-07 9.545E-06 3.485E-07 2.680E-06 1.385E-04 1.914E-04 1.334E-03

Standard Deviation = 1.019E-05 4.333E-05 2.840E-06 6.053E-08 1.063E-06 8.625E-08 4.474E-07 9.194E-06 5.207E-05 4.303E-04
C.V.= 40.66% 37.96% 7.30% 8.73% 11.13% 24.75% 16.6_9% 6.64% 27.21% 32.25%
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Figure7 Averageinventory (gramsper kg uranium) for each RaLarun and for all runs
combined

Average Discharge Inventory (arams per kg uranium) for Run

Run Total Total
Number 1-127 1-129 1-131 1-132 1-133 1-134 1-135 Ba-140 lodine Barium
1 3.083E-05 1.398E-04 3.149E-05 5.564E-07 6.884E-06 7.801E-08 1.412E-06 1.125E-04 2.111E-04 1.563E-03
2 2.604E-05 1.179E-04 2.650E-05 4.530E-07 6.399E-06 2.233E-07 1.776E-06 9.762E-05 1.793E-04 1.323E-03
3 1.817E-05 8.389E-05 3.398E-05 6.274E-07 8.612E-06 2.682E-07 2.305E-06 1.157E-04 1.479E-04 9.975E-04
4 2.278E-05 1.044E-04 3.408E-05 6.146E-07 8.384E-06 2.333E-07 2.166E-06 1.206E-04 1.726E-04 1.214E-03
5 1.083E-05 5.125E-05 3.192E-05 5.608E-07 7.879E-06 2.717E-07 2.215E-06 1.127E-04 1.049E-04 6.650E-04
6 1.539E-05 7.219E-05 3.529E-05 6.306E-07 8.960E-06 3.190E-07 2.530E-06 1.267E-04 1.353E-04 8.992E-04
7 1.971E-05 9.091E-05 3.221E-05 5.763E-07 8.202E-06 3.262E-07 2.459E-06 1.171E-04 1.544E-04 1.077E-03
8 2.352E-05 1.070E-04 3.375E-05 6.278E-07 8.988E-06 3.453E-07 2.604E-06 1.171E-04 1.768E-04 1.233E-03
9 1519E-05 7.091E-05 3.691E-05 6.662E-07 9.321E-06 3.711E-07 2.721E-06 1.299E-04 1.361E-04 8.862E-04

10 2.150E-05 9.910E-05 3.608E-05 6.444E-07 9.109E-06 3.712E-07 2.685E-06 1.305E-04 1.695E-04 1.177E-03
11 1.360E-05 6.364E-05 3.536E-05 6.070E-07 8.069E-06 3.748E-07 2.481E-06 1.266E-04 1.241E-04 8.092E-04
12 1.389E-05 6.456E-05 3.134E-05 5.625E-07 7.870E-06 3.023E-07 2.264E-06 1.120E-04 1.208E-04 7.992E-04
13 2.480E-05 1.113E-04 3.096E-05 5.568E-07 7.906E-06 3.372E-07 2.347E-06 1.112E-04 1.782E-04 1.268E-03
14 2.278E-05 1.045E-04 3.254E-05 5.577E-07 6.444E-06 1.907E-07 1.385E-06 1.181E-04 1.684E-04 1.215E-03
15 1.727E-05 8.071E-05 3.649E-05 6.654E-07 9.112E-06 3.619E-07 2587E-06 1.260E-04 1.472E-04 9.815E-04
15A 3.093E-05 1.394E-04 3.443E-05 6.282E-07 8.795E-06 3.119E-07 2.447E-06 1.234E-04 2.170E-04 1.569E-03
16 1.482E-05 6.902E-05 3.372E-05 5.949E-07 8.294E-06 3.141E-07 2.388E-06 1.210E-04 1.292E-04 8.571E-04
18 4.656E-05 2.025E-04 3.213E-05 5.743E-07 7.943E-06 2916E-07 2.257E-06 1.153E-04 2923E-04 2.177E-03
19 3.260E-05 1.425E-04 3.023E-05 5.065E-07 6.421E-06 2.313E-07 1.819E-06 1.103E-04 2.143E-04 1.571E-03
21 1.050E-05 5.047E-05 3.378E-05 6.127E-07 8.588E-06 3.539E-07 2.529E-06 1.187E-04 1.068E-04 6.674E-04
22/22A 1.612E-05 7.405E-05 3.177E-05 5.757E-07 8.417E-06 3.510E-07 2.523E-06 1.119E-04 1.338E-04 8.937E-04

Averageover allruns = 2.132E-05 9.714E-05 3.309E-05 5.904E-07 8.124E-06 2.966E-07 2.281E-06 1.179E-04 1.629E-04 1.135E-03
Standard Deviation = 8.670E-06 3.687E-05 2.417E-06 5.152E-08 9.045E-07 7.341E-08 3.807E-07 7.825E-06 4.432E-05 3.662E-04
C. V.= 40.66% 37.96% 7.30% 8.73% 11.13% 24.75% 16.60% 6.64% 27.21% 32.25%
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Figure8 Averageinventory (curiesper dug) for each RaLarun and for all runs combined

Average Discharge Inventory (curies per slug) for Run

Run Total Total
Number 1-127 1129 1-131 1-132 1-133 1-134 1-135 Ba-140 lodine Barium
1 N/A 2.901E-08 4.589E+00 6.753E+00 9.167E+00 2.446E+00 5.829E+00 9.648E+00 3.284E+01 2.046E+01
2 N/A 2.447E-08 3.862E+00 5.496E+00 8.520E+00 7.001E+00 7.329E+00 8.369E+00 4.410E+01 3.939E+01
3 N/A 1.741E-08 4.952E+00 7.613E+00 1.147E+01 8.411E+00 9.516E+00 9.920E+00 5.626E+01 4.716E+01
4 N/A 2.165E-08 4.966E+00 7.458E+00 1.116E+01 7.315E+00 8.940E+00 1.034E+01 5.225E+01 4.272E+01
5 N/A 1.064E-08 4.653E+00 6.805E+00 1.049E+01 8.521E+00 9.142E+00 9.660E+00 5.412E+01 4.740E+01
6 N/A 1.498E-08 5.141E+00 7.652E+00 1.193E+01 1.000E+01 1.045E+01 1.086E+01 6.219E+01 5.516E+01
7 N/A 1.887E-08 4.694E+00 6.993E+00 1.092E+01 1.023E+01 1.015E+01 1.004E+01 6.041E+01 5.535E+01
8 N/A 2.220E-08 4.918E+00 7.617E+00 1.197E+01 1.083E+01 1.075E+01 1.004E+01 6.450E+01 5.799E+01
9 N/A 1.472E-08 5.378E+00 8.083E+00 1.241E+01 1.164E+01 1.123E+01 1.114E+01 6.857E+01 6.270E+01
10 N/A 2.056E-08 5.258E+00 7.818E+00 1.213E+01 1.164E+01 1.108E+01 1.119E+01 6.777E+01 6.275E+01
11 N/A 1.321E-08 5.154E+00 7.364E+00 1.074E+01 1.175E+01 1.024E+01 1.085E+01 6.534E+01 6.297E+01
12 N/A 1.339E-08 4.567E+00 6.825E+00 1.048E+01 9.478E+00 9.345E+00 9.596E+00 5.685E+01 5.160E+01
13 N/A 2.310E-08 4.512E+00 6.755E+00 1.053E+01 1.058E+01 9.685E+00 9.531E+00 6.008E+01 5.640E+01
14 N/A 2.169E-08 4.741E+00 6.768E+00 8.581E+00 5.981E+00 5.714E+00 1.013E+01 4.201E+01 3.672E+01
15 N/A 1.675E-08 5.317E+00 8.074E+00 1.213E+01 1.135E+01 1.068E+01 1.080E+01 6.690E+01 6.112E+01
15A N/A 2.893E-08 5.018E+00 7.621E+00 1.171E+01 9.780E+00 1.010E+01 1.058E+01 6.085E+01 5.390E+01
16 N/A 1.432E-08 4.914E+00 7.219E+00 1.104E+01 9.852E+00 9.855E+00 1.037E+01 5.966E+01 5.403E+01
18 N/A 4.202E-08 4.683E+00 6.968E+00 1.058E+01 9.144E+00 9.317E+00 9.882E+00 5.621E+01 5.038E+01
19 N/A 2.957E-08 4.405E+00 6.145E+00 8.550E+00 7.254E+00 7.509E+00 9.458E+00 4.618E+01 4.161E+01
21 N/A 1.047E-08 4.923E+00 7.434E+00 1.144E+01 1.110E+01 1.044E+01 1.017E+01 6.426E+01 5.937E+01
22/22A N/A 1.537E-08 4.629E+00 6.987E+00 1.121E+01 1.101E+01 1.041E+01 9.592E+00 6.302E+01 5.838E+01
Average over all runs = 2.016E-08 4.823E+00 7.164E+00 1.082E+01 9.300E+00 9.415E+00 1.010E+01 5.735E+01 5.131E+01
Standard Deviation = 7.652E-09 3.522E-01 6.251E-01 1.204E+00 2.302E+00 1.571E+00 6.709E-01 9.366E+00 1.056E+01
C.V.=  37.96% 7.30% 8.73% 11.13% 24.75% 16.69% 6.64% 16.33% 20.59%
Figure9 Averageinventory (curiesper kg uranium) for each RalLarun and for all runs
combined
Average Discharge Inventory (curies per kg uranium) for Run
Run Total Total
Number 1-127 1-129 -131 1-132 1-133 1-134 1-135 Ba-140 lodine Barium
1 N/A 2.469E-08 3.905E+00 5.747E+00 7.801E+00 2.082E+00 4.961E+00 8.211E+00 2.795E+01 1.742E+01
2 N/A 2.083E-08 3.286E+00 4.677E+00 7.251E+00 5.959E+00 6.237E+00 7.122E+00 3.753E+01 3.352E+01
3 N/A 1.482E-08 4.215E+00 6.479E+00 9.761E+00 7.158E+00 8.099E+00 8.442E+00 4.788E+01 4.014E+01
4 N/A 1.843E-08 4.227E+00 6.347E+00 9.502E+00 6.226E+00 7.609E+00 8.797E+00 4.447E+01 3.636E+01
5 N/A 9.052E-09 3.960E+00 5.791E+00 8.930E+00 7.252E+00 7.780E+00 8.221E+00 4.606E+01 4.034E+01
6 N/A 1.275E-08 4.375E+00 6.512E+00 1.015E+01 8.513E+00 8.889E+00 9.244E+00 5.293E+01 4.694E+01
7 N/A 1.606E-08 3.995E+00 5.951E+00 9.295E+00 8.706E+00 8.639E+00 8.542E+00 5.141E+01 4.710E+01
8 N/A 1.889E-08 4.186E+00 6.483E+00 1.019E+01 9.214E+00 9.148E+00 8.541E+00 5.490E+01 4.936E+01
9 N/A 1.252E-08 4.577E+00 6.879E+00 1.056E+01 9.903E+00 9.558E+00 9.479E+00 5.836E+01 5.336E+01
10 N/A 1.750E-08 4.475E+00 6.654E+00 1.032E+01 9.906E+00 9.430E+00 9.521E+00 5.767E+01 5.341E+01
11 N/A 1.124E-08 4.386E+00 6.267E+00 9.144E+00 1.000E+01 8.715E+00 9.236E+00 5.561E+01 5.359E+01
12 N/A 1.140E-08 3.887E+00 5.809E+00 8.918E+00 8.067E+00 7.953E+00 8.167E+00 4.838E+01 4.391E+01
13 N/A 1.966E-08 3.840E+00 5.749E+00 8.960E+00 9.001E+00 8.243E+00 8.112E+00 5.114E+01 4.800E+01
14 N/A 1.846E-08 4.035E+00 5.760E+00 7.303E+00 5.091E+00 4.863E+00 8.620E+00 3.575E+01 3.125E+01
15 N/A 1.425E-08 4.525E+00 6.872E+00 1.033E+01 9.659E+00 9.088E+00 9.195E+00 5.694E+01 5.201E+01
15A N/A 2.462E-08 4.271E+00 6.486E+00 9.967E+00 8.323E+00 8.595E+00 9.006E+00 5.179E+01 4.587E+01
16 N/A 1.219E-08 4.182E+00 6.144E+00 9.398E+00 8.384E+00 8.387E+00 8.828E+00 5.077E+01 4.598E+01
18 N/A 3.576E-08 3.985E+00 5.931E+00 9.002E+00 7.782E+00 7.929E+00 8.410E+00 4.784E+01 4.288E+01
19 N/A 2.516E-08 3.749E+00 5.230E+00 7.277E+00 6.173E+00 6.391E+00 8.049E+00 3.930E+01 3.541E+01
21 N/A 8.913E-09 4.190E+00 6.327E+00 9.733E+00 9.444E+00 8.884E+00 8.658E+00 5.469E+01 5.052E+01
22/22A N/A 1.308E-08 3.940E+00 5.946E+00 9.539E+00 9.368E+00 8.862E+00 8.164E+00 5.364E+01 4.969E+01
Average over all runs = 1.716E-08 4.104E+00 6.097E+00 9.206E+00 7.915E+00 8.012E+00 8.598E+00 4.881E+01 4.367E+01
Standard Deviation = 6.512E-09 2.998E-01 5.320E-01 1.025E+00 1.959E+00 1.337E+00 5.710E-01 7.971E+00 8.990E+00
C.V.= 37.96% 7.30% 8.73% 11.13% 24.75% 16.69% 6.64% 16.33% 20.59%
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Treatment of Uncertainties

The following uncertain parameters associated with the X-dug inventory calculations described above
have been identified and characterized:

vaiahility in the mass of uranium metd contained in an individua dug
physica congtants (fission yields, recoverable energy per fisson, etc.)
pile power

pile power-to-peak-flux converson factor

relative flux vaues

Vaiahility in the mass of uranium metd contained in an individud dug

From 52-6- 10, the origina specifications for X-dugs (prior to the switch to the bonded apha-dugsin
the 1950’ s) was length = 4.000+0.010 inches and diameter = 1.100+0.002 inches[2]. These
tolerances result in a maximum diperson in the dug mass of +0.6%.

As an aside, note that the theoretical mass of uranium (theoretical density = 19.05 g cmi®) caculated for
acylindricd volume 1.1 inches in diameter and 4.0 inches long is 11.67 grams higher than the reference
vaue for the mass of uranium in an X-dug (1175 grams). A mass of 1175 grams correspondsto a
dengty of 18.86 g cmi®.

Physcal congants:

The ORIGENZ2.1 computer code used to perform the inventory calculations for Task 1 has seen
decades of widespread use throughout the nuclear industry. It was used in the previoudy completed
Hanford Environmental Dose Recongiruction (HEDR) effort to calculate quantities of *3*1 present in fuel
dissolved at the Hanford reservation for the purpose of plutonium production. Formal caculations
performed under the HEDR study to assess the uncertainties associated with usng the ORIGENZ2 code
showed the maximum errors to be within £5% for the nuclides considered in the Task 1 source term
[8]. Sincethe calculations performed under the HEDR study are nearly identicd to those performed for
the current effort, the 5% dispersion from the HEDR study should be equaly applicable our own.

Pile power:

In the case of calculations performed for Task 1, the pile power is used only as a proxy for computing
the thermal flux. The absolute accuracy of the asserted power level is not of consequence. Itisonly
important thet the variahility in the asserted power levels be addressed.

The pile S&ff recorded two vaues for the tota pile power for each of the three shifts each day: the
accumulated galvanometer power and the accumulated heat power. Since the galvanometer power was
considered the reference value and was directly proportiona to the neutron flux, this was the information
used for dl X-dug inventory calculations. Heeat power, on the other hand, was prone to bias from the
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variability in pile heat capacity with ambient temperature and from other sources. For this reason, the
average of the heat power data over severa days was used when cdibrating the galvanometers[3].

The galvanometer reading was the net current that resulted from apair of ion chambers located at one
of the pilé sshiddd walls. Both ion chambers were photon sengitive, but only one was neutron sengtive.
The current output from the photon-only chamber was bucked againgt the current from the neutron
plus- photon chamber, with the resulting current being read out on an optical gavanometer in the pile
control room [34].

Power for each shift was determined by dividing the accumulated power recorded in the pile operations
logbooks for each shift (in kwh) by the nomind duration of each shift (eight hours). Accumulated
power for each shift was determined by the pile operators from the accumulated kWh meter in the
control room. It isassumed for the purpose of calculating the average pile power leve for each shift
that the accumulated power readings recorded in the logbooks correspond to changeover for each shift
and thus correspond to atime interva of exactly 8.0 hours. However, asit is doubtful this was actualy
the case, an uncertainty exists in the shift power data that results from the difference between the actud
timeinterva that each accumulated power reading corresponds to and the assumed intervd (8.0 hours).
This uncertainty was judged to be at most fifteen minutes, which corresponds to a digpersion of £3%
about an 8.0 hour interval.

In addition to the uncertainty in the shift power data from the actua versus assumed time intervd, any
variability in the performance of the galvanometer circuit would aso contribute to the uncertainty in the
asserted shift power values. However, it is believed the galvanometer circuit would have given very
consistent results on aday-to-day basis. The ion chamber bias was supplied by dry-cell batteries and
thus would have been quite gable. In addition, the response of ion chambersis not sengtive to smal
changesin bias voltage, unlike other types of counters. Further, the galvanometer power was cdlibrated
agang the heat power at least monthly [3], hence drift would likely have not been anissue. Inlight of
these facts, it was decided that extending the uncertainty assgned to the shift power data to account for
additiond uncertainty contributed by variability in the gdvanometer circuit was not necessary. Hence,
the uncertainty assigned to the shift power data should be l€ft at +3%.

Pile power-to-peak-flux converson factor:

The power-to-peak-flux converson factor used in the find inventory caculations for X-dugs was 3.102
" 10° neutrons cmi® second ™ watt™. This value was derived by multiplying the value for this factor given
in CP 2602 [5] (3.234" 10°) by theratio of the fud-to-air flux factor determined using MCNP (0.633)
to that determined using the origina power-to-peak-flux factor in conjunction with the rdaive flux
equation (0.66). There are two inherent assumptions here: 1) that the difference in the two assessments
of the fud-to-air flux factor is due solely to bias in the power-to- peak-flux factor and not any biasin the
relaive flux expression; and 2) that the MCNP result is absolutely correct. The assumption that the
differencein the flux ratios is due to bias in the power-to-flux factor is supported by MCNP calculations
that show excdlent agreement with values computed using the reative flux expresson. The assumption
that the MCNP result is accurate is one of convenience, as the uncertainties associated with this result
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are judged to be minimal and hence the effort required to address these would not be warranted given
they would have no appreciable impact on the overdl results. The precision of the MCNP result was
+1.3%, confirming it was daidicaly reiable.

The power-to-peak-flux factor determined by the X-10 pile physcistsin 1945 was computed by
multiplying the so-cdled f -value, which is the converson factor between the totd pile power and the
neutron dengty at the pile center, by the neutron speed at thermal equilibrium (2.2 10° cm second™).
Dimensions of the f -value are neutrons cmi® watt™. The f -value was determined by physical
mesasurements using the so-called “standard graphite pile’, which was a graphite matrix into which a
neutron source could beingdled. Though specific details are not available, it is presumed aneutron
source having a known emission rate was ingtdled in the sandard pile. The reference gdvanometer (for
measuring pile therma power) was then used to correlae the neutron density at the pile center to
thermal power with the results scaled up based on the relative size of the stlandard pile with respect to
the Clinton pile. Hence, the measurement of the f -value depends on the uncertainty in the neutron
emission rate of the reference source used and on the uncertainty in the calibration of the reference
gavanometer againg thermd power. The f -vaue determined by the pile physicigsin February of 1945
was 1.47 neutrons cm® watt™ [5]. Multiplying this value by the therma neutron speed gives the power-
to-peak-flux factor 3.234 " 10° neutrons cmi? second™ watt™.

Subsequent measurements of the f -value conducted after February of 1945 resulted in arevised
reference value of 1.45 neutrons cm® watt™ being given in 1947 [6]. Thisvaueis 1.4% lower than the
origind vaue determined in early 1945. More recently, researchers at Los Alamos used MCNP to
assess response functions for LANL’ s standard pile, which was built in the early 1950's. The LANL
pile had a different use than X-10'sin that it served as areference geometry for the absolute calibration
of neutron sources. However, the results for this assessment are still useful in that they show the
assumption used by the X-10 physcigsin the mid-1940's that the neutrons emitted from the X-10
standard pile were completely thermalized gppears valid. The LANL study showed the response
functions for the Los Alamos pile to be rdatively flat with respect to energy and that detection
efficienciesfor a BF; neutron detector located at the center of the pile varied by only 5% over arange
of neutron energies[7].

The results from the MCNP cal culations performed for the Los Alamos pile are consstent with the 4%
bias that exists between the results from the MCNP cal culations performed for the Clinton pile and the
physical measurements performed by the Clinton pile physicistsin 1945. The 4% biasistherefore seen
to be reasonable. However, this does not address the issue of the uncertainty (dispersion) in the vaue
of the power-to-peak-flux converson factor used in the find X-dug inventory caculations. The
precision of the MCNP caculation performed to yield the fuel-to-ar flux ratio for the Clinton Pile was
+1.3%. Thus, the overdl uncertainty in this result isthe precision plus any bias between the MCNP
model and the actud system. An example of a source of bias would be impuritiesin the graphite or fue
dugs that were neglected in the MCNP model (though the levels of impuritiesin the Clinton pile had to
be kept to an absolute minimum to be able to achieve a self-sustaining chain reaction). Whatever
sources of bias may exist between the MCNP model and the actud system, there is no way to
quantitatively account for them short of performing physical benchmarking experiments with actua

Appendix 3l - Page 11 of 12



materia from the Clinton pile. Hence, a subjective judgment is required to quantitatively address the
uncertainty in the power-to- peak-flux converson factor. Given the precison of the MCNP
caculations, the power-to-peak-flux factor was assgned an uncertainty of +5%.

Rdative flux vaues

The rdative flux digtribution in the pile was characterized by running 0.020 inch diameter Slver wires
through eeven of the piles experimenta holes, irradiating them for the same effective exposure time,
alowing them to decay for two weeks and then counting them on an end-window GM counter [5]. The
wires were cut into one inch segments at eight inch intervals and weighed before counting. Count results
were normalized to the mass of each sample. Corrections were also made for counter dead-time and
geometry. The relative flux digtribution in the pile was determined by smply taking the ratio of the
counting results from the wire segments as a function of position. No absolute quantification of flux was
required. Thus, the uncertainty in the relative flux datais that associated with the counting of the
individua wire ssgments. The components of this uncertainty are: counting statistics, reproducibility of
geometry, dead-time corrections, and sample mass. Thereis no way to quantitatively address each of
these components individualy. However, there isinformation with which an assessment can be made of
the overd| uncertainty in the counting data.

CP 2602 speaks of a 5% ripple seen in the silver wire measurements corresponding to where the wire
passed over the fuel channels[5]. Thus, it is reasonable to assume that the observed variability in their
counting results was less than 5% and hence the overall error associated with the counting of the
activated slver ssgments would have been within this range (£5%).

Summary of uncertain parameters,

The uncertain parameters described above are summarized in Table 1 below. | think the best way to
apply these to the inventory calculation resultsisto treat each asanormd digtribution having amean of
unity and a standard deviation equd to the dispersgon assgned in Table 1.

Table1l Summary of uncertain parametersidentified for the calculation of discharge
inventoriesfor X-dugsused for RalL a production

Parameter Assigned Dispersion
Sug mass +0.6%
Physica congtants +5%
pile power +3%
power-to-peak-flux conversion factor +5%
relaive flux values +5%

Appendix 3l - Page 12 of 12



SRA

4939 Lower Roswell Road, Suite 106
Marietta, GA 30068
Phone: (770) 509- 7606
FAX: (770) 509-7507
Internet; sra@crl.com

TO: Tom Widner
ChemRisk
FROM: R. E. Burns, Jr.

Shonka Research Associates, Inc.

APPENDIX 3J

May 8, 1996

SUBJECT:  Characterization of uncertainties associated with the calculation of discharge **'

inventories for X-dugs pushed for Ral_a production
MEMO NO: REB.004 C96
FINAL [X] DRAFT ]
Didribution:

Project File- SRA

Joe Shonka - SRA

References:

1. Jones, H.; Watson, L. B.; Arnette, T.; Coveyou, |. “Neutron Didtribution in the
Clinton Pile” CP 2602, Oak Ridge National Laboratory, Oak Ridge, TN,

February 27, 1945.

2. “Evdudtion of an Expresson for Computing the Relative Therma Neutron Hux in
Clinton Pile Fuel Channels Used for RalLa Production” SRA-95-003, Rev. 0

Shonka Research Associates, Inc. August, 1995.

3. Heeb, C. M. “Uncertainties in Source Term Calculations Generated by the
ORIGENZ2 Computer Code for Hanford Production Reactors” PNL-7223
HEDR, Battdle/Pacific Northwest Laboratories, Richland, WA March, 1991.

Memo:

Cdculation of the ™*!I inventory contained in X-dugs pushed from the Clinton Pile for Ral_a production

will be accomplished in three basic steps:

1. Cdculate the pesk dug inventories for each channd pushed,

2. Egablish the dug pogtion factor for each individud dugin a set, and
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3. Cdculaetheinventory digtribution for each dug pushed from a given channd and then sum these
distributions to establish distributions for *!1 inventory for the entire channd and for the entire push

Each of these stepsis discussed below, followed by identification of the uncertain parameters associated
with each step and the means that will be used to characterize each parameter so the contribution of
each to the overall uncertainty can be assessed. The overdl approach to establishing distributions for
the **'1 inventory at discharge for X-slugs pushed from the Clinton Pile for RaLawill be to embed the
methodology described above in a spreadsheet model and use the Crystal Ball® add-in package to
propagate uncertainties. The result will be frequency ditributions for each Rala push that represent the
total *'1 inventory that was available for dissolving at the time the Jugs were pushed.

Step 1: Calculatethe peak dug inventoriesfor each channel pushed.

The pesk dug inventory (PSl) for agiven set of dugsisthe **!1 inventory caculated (using the
ORIGENZ2.1 code) for an arbitrary dug located at the center of the Clinton Pile having the same
irradiation history asthe dugs of interest. Note that not dl of the dugs pushed at a specific timefrom a
given fud channe had the same irradiation history. Channels were often loaded incrementaly in the
earlier years of RalLaproduction at X-10, i.e, not dl of the dugsin a channd were loaded & the same
time. Thus, dl of the dugs making up the total pushed from a specific channel could have made up of
individua sets of dugs having the same irradiation history, i.e., the same charge and discharge dates.
PSl’s are therefore calculated for each set of dugswithin a specific channel pushed at a specific time,
Multi-set channels were common through Ral.a Run 18 (June, 1947).

Assad, PSl’s are calculated using the ORIGEN2.1 code. The codeis set up to calculate the nuclide
inventory contained in asingle X-dug (1175 grams of netura uranium) based on the irradiation history
for the st of dugs of interest. The irradiation history for each set of dugsis derived from the push data
for each Ral_a discharge, which establishes the charge and discharge dates, and the pile operating logs,
which establish the actud shift when the dugs were charged and discharged. The dug irradiation history
is established down to the shift level asthisisthe precison to which we know the pile' s power history.
We have retrieved the shiftly power history for the Clinton File for the entire period of interest. Thus,
the power history for each set of dugsis known to the nearest eight hours over their entire irradiation
period. The pile power datafor each shift is converted, using the expresson from CP 2602 [1], to a
peak thermd flux value. Thisvaueisthen multiplied by 3.16 to convert it to tota flux [2]. Thus, the
ORIGEN2.1 codeisrun for asingle X-dug located a the point of maximum pile flux over the period of
time corresponding to that for the set of dugs of interest. The resulting **!1 inventory caculated is then
the PS for the set of dugs of interest. Oncethe PSl for a set of dugs has been calculated, the actual
inventories for each dug in the set are computed based on the position of the dugs within the pile rdaive
to the pile center.
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Step 2: Establish the dug position factor for each individual dugin a set.

The dug position factor represents the reative vaue of the pile flux at the position of interest to the peak
flux at the pile center. Pogtion factors are determined using the expresson given in CP 2602 for this
purpose and assuming that the dugs were loaded so that they were centered in the channel in the axid
direction. Multiplying the pogition factor vaue for an individua dug by the PSl for its set givesthe
uncorrected inventory for that dug. (Uncorrected inventory refers to the fact that this vaue needsto be
corrected for the fact that the expression used to calculate the position factors was developed for the
purpose of caculaing the flux in the pile experimenta holes and therefore overestimates the flux in the
fud regions[2]). For channdswith more than one set of dugs, position factors will have to be chosen
carefully so asto accuratdly reflect the position of the dugs within the channel. Thisis particularly true
for Runs1 and 2, asnot dl of the dugsin achannd were pushed for these runs.

Note that tresting the dugs as being “load- centered” (entire charge of dugs is centered in the channdl)

or “dug-centered” (middle dug in achargeislocated at the center of the channel) makes no appreciable
difference in the value of the dug position factors. For a 36 dug charge, the difference in the pogtion
factor between the two assumptions for the dug on the east end is less than 4% (3.6%) These
differences for individua dugs decrease as one gpproaches the center of the channdl. In terms of the
effect on the totd inventory for achannel, the differences in the position factors between the two
assumptions are negligible. As shown in SRA-95-003 [2], treating the dugs as |oad- centered or dug-
centered makes no difference when the contributions from al dugs are consdered together.

Step 3: Calculate the inventory distribution for each dug pushed from a given channd.

Each dug in a channd will have its own pogtion factor. Hence, the inventory for each dug is assessed
by multiplying the position factor ditribution by the gppropriate PSl ditribution for the set from which
each dug came. This product is then multiplied by the power factor used to correct for the
overesimation of the pile flux by the rdaive flux expresson (taken from [2]). The result will bea
distribution of possible **!1 inventories for each dug in achannel that can then be summed to yidd the
distribution for the channd asawhole. These channd distributions can then aso be summed to yidd the
digribution for an entire push. (In actudity, al of this summing of digtributions will have to be done
smultaneoudy, as the distributions are established through Monte Carlo sampling).

Uncertain parameter s associated with calculation of the PS| for each set of dugs:

The uncertain parameters associated with the calculation of the peak dug inventory (PSl) are asfollows:

meass of uranium meta in an X-dug

23 content per unit mass of uranium meta in each dug
total pile power (i.e,, changein pesk flux over time)
total pile power to pesk flux conversion factor
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changein flux over the length of the dug
ORIGEN cross-sections and haf-lives

Of the parameters listed above, the only ones likely to be of any consequence will be the uncertainties
associated with the totd pile power and the power to peak flux conversion factor. Uncertaintiesin the
totd pile power will likely have to be established on a subjective bas's, asit is doubtful that any analyss
of this nature was ever done by the pile staff. The uncertainty associated with the power to flux
converson will be established by developing a computer model of the Clinton File using a code such as
MCNP 4A.

The uncertainty associated with variances in the mass of uranium contained in X-dugswill have to be
established from higtorical records from X-10. At Hanford, there were strict requirements on dug
qudity implemented in the operationd practices for the 300 area. Since X-10 did not produce their
own dugs, respongility for dug qudity rested with the vendor (ALCOA). | would presume that X-10
did provide ALCOA with acceptance criteriafor dugs, but | do not recal coming acrass anything like
thisin our recordsto date. Thus, additiona records searches will need to be conducted for the purpose
of establishing the bounds on the mass of meta used in Clinton File dugs.

The uncertainty in the **U content per unit mass of uranium meta in each dug is of no appreciable
consequence for our purpose and will be neglected. Since the dugs used for Ralawere irradiated to
such low burnup, the **U content of the fuel isinconsequential since dmost dl the power is coming
from the #°U and very little from ingrowth of “°Pu. (In cases where fud isirradiated to higher
burnups, the contribution to the total power from ?**Pu becomes substantial). Thus, thereis no
Sgnificant change in the fission yield over time and therefore no need to account for variability in 2°U
content. To demondtrate this, three runs were made using the ORIGENZ2.1 code to irradiate 1175
grams of uranium having enrichments of 0.3 %, natural (0.71%) and 3% **U. In each case, the
uranium was irradiated for 100 days at a power of 400 watts. The resulting *!1 inventories a the end
of the 100 days were 9.854 Ci for the 0.3% enriched fuel, 9.654 Ci for the natural uranium and 9.554
Ci for the 3% enriched metal. Asis seen, the difference between the 0.3% case and the 3% case is
3%. Asany credible assessment of the variability in the U content of the uranium metal used in the
X-dugs would be on the order of parts per million, it is clear that the variability in the **U abundancein
the X-sug metal can be neglected. For the record, the reason for the difference in the *!1 produced in
the three test cases is the amount of 2*°Pu produced in each case during the 100 day irradiation. Even
with these very low burnups, there is 86 mg of 2°Pu produced in the slug with the depleted metal (0.3%
enriched) and only 9 mg produced in the enriched case (3%). The **! fisson yield from #°Pu fisson is
three times that of U, thus a rdlatively sméll quantity of 2°Pu present in the dug can have asignificant
impact on the quantity of **!1 produced. Note that our method of using the actua dug power histories
for calculating X-dug inventories fully accounts for this effect and thus diminatesit as a source of
uncertainty.

For the purposes of calculating the ***1 content of individua dugsin aClinton Pile channd, the dug
position factor used has been the value that corresponds to the geometric center of the dug, and this
value has been used to compute the inventory for the dug' stotal volume. Thus, the vaue for the center
of the dug istrested as an average vaue that is gpplied over the dug’ s entire length. To assessthe
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magnitude of any uncertainty resulting from this practice, one need only look at the changein the
caculated values of the dug position factor over the length of adug (four inches) at positions where the
flux gradient in the axia direction would be the greates, i.e., the ends of the channdls. If the difference
between the position factors a one of the dug and the other are not symmetric about the vaue at the
center, then gpplying the center vaue over the entire length will introduce an uncertainty that would need
to be addressed. If the values are symmetric, however, then no such uncertainty exiss. To establish if
the position factor vaues were symmetric over the length of an X-dug for axid postions of interest in
the Task 1 effort, the position factors were caculated for locations corresponding to the middle and two
ends of adug located at the east and west end of pile channd 1868 containing atotal of 36 dugs. For
the east dug, the position factor vaues for the two ends were 0.529 and 0.566, and the vaue for the
center was 0.548. Likewise, the vaues for the two ends of the west dug were 0.528 and 0.490, with a
center value of 0.509. In both cases, the average of the values for the two ends equas the value for the
center. Thus, it is determined that there is no appreciable uncertainty contributed from the practice of
treating the position factor vaue corresponding to the center of adug as an average for the total dug
volume. (Thereisno need to perform caculaions for other channe, as the axia digtribution of the flux
does not change with channd locetion, i.e,, radia pogtion).

Using the ORIGEN2.1 computer code to assess the quantities of **!1 contained in sugs discharged for
Ral_a processing introduces some minor uncertainties to the caculated vaues. These uncertainties sem
from uncertainties in the various congtants and conversion factors used by the code to caculate isotope
production and depletion. These factors include reaction cross-sections, fisson product yields,
recoverable hest energy per unit fisson, decay congtants, etc. Of these, the largest contributors to
uncertainty are the vaues for the spectrum averaged reaction cross-sections used by the code to
compute fisson, activation, etc. These vaues are specific to the neutron energy didtribution in the
reactor system of interest and therefore vary with the reactor type being considered. However, the
importance of these differences with repect to the accuracy of results calculated by the ORIGEN code
depends on the specific nuclides of interest. In the case of **!1, production is directly proportiond to the
number of fissons that have occurred, since this nuclideis afisson product and does not have a
sgnificant activation cross-section in comparison with its hdf-life. Thus, differencesin the reaction
cross-sections for 1 for different reactor models are largdly indgnificant (aslong as the fue makeup
stays the same), since **! production depends for the most part on reactor power and not the neutron
energy spectrum. The neutron energy spectrum can be of consequence in the case of higher burnups, as
the pectrum has an effect on plutonium ingrowth, which can substantialy impact **I production (as
discussed above). However, this Situation is of minor concern with respect to ORIGEN calculations for
Task 1, asthe burnups of interest are smal. The impact of the choice of the cross-section and fisson
product yield library on the quantities of **!1 calculated by the ORIGEN2.1 code for anatural uranium
fud for two different burnupsisillustrated in Table 1.

Table1 3 content for one X-dug calculated by ORIGEN2.1 using two different cross-
section and fission product yield libraries

Reactor M odel 131 Content at 100 days B3l Content at 1000 days
CANDUNAU 9.654 Ci 9.849 Ci
PWRUS 10.21 Ci 10.57 Ci
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The table shows the calculated **!1 inventory contained in 1175 grams of natura uranium (one X-dug)
irradiated for 100 days and for 1000 days using two different cross-section and fisson product yield
libraries. the CANDUNAU library for CANDU reactors using natura uranium fuel and the PWRUS
library for athree-cycle PWR using 3.2% enriched fud at a standard burnup of 33,000 MWd/MTHM.
The neutron energy spectrum for the Clinton Pile would lie somewhere in between the spectra for the
two cases consdered (CANDU and PWR). Asis seen, the inventories calculated using the PWR
library are greater than those for the same irradiation using the CANDU data. The reason for thisisthat
the harder spectrum found in the PWR results in higher production of 2°Pu, thus resulting in more
production of *!1. The differenceis 5.7% at 100 days and 7.3% at 1000 days.

For the Hanford dose reconstruction study, Ca Heeb performed a similar comparison between the
CANDU library and alibrary that had been developed for the Hanford N reactor to assess the
magnitude of the uncertainty from using the N reactor library to perform caculations for the other
Hanford piles (which were more heavily moderated than the N reactor and thus more thermal) [3].
Heeb found the average difference between the **!1 content cal culated using the CANDU and N
reactor libraries was 3.6% for burnups between 100 and 1000 MWD/Ton (i.e., N reactor inventories
were higher) [3]. Given this, Heeb concluded that the uncertainty contributed by the ORIGEN code to
caculations for **!1 was negligible in comparison with uncertainties in rel esse fractions and amospheric
transport [3]. Given that the neutron energy spectrum for the Clinton File had to be very smilar to that
for the Hanford piles and that the fuel burnups we are concerned with for Rala are much smaller than
those experienced at Hanford, | think it is safe to draw the same conclusion that any uncertainty
contributed to the **'1 inventory calculations for X-dugsfrom the ORIGEN2.1 code can be neglected
for the purpose of this study.

Note that the conclusion that uncertainties contributed by the ORIGEN2.1 code to the overall
uncertainty in the discharge inventory calculations can be neglected is not based solely on comparisons
of ORIGEN results with each other. The ORIGEN code iswiddy used in the nuclear industry and has
been extensvely benchmarked against physica measurements made with irradiated reactor fuel. Heeb
discusses such comparisons in section 2 of PNL-7223 HEDR [3].

Uncertain parameter s associated with the position factor for each dugin a set:

The uncertain parameters associated with establishing the dug position factor for each dug in aset are
asfollows.

uncertainty in the relative flux equation
uncertainty from assuming dugs spent their entire irradiation duretion in their fina position (not
applicable for channds with only one s=t)

Uncertainty in the relative flux equation will be assessed usng the same analysi's used to establish the

uncertainty in the power to pesk flux converson factor. However, one should recognize that the flux
equation is being applied on ardative bass and thus the associated uncertainty should be smdll.
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The uncertainty associated with treating dugs asif they spent their entire irradition cycle in one position
(their find pogition) was assessed by using the ORIGEN2.1 code to cal culate the difference between
the **1 inventories caculated for dugs using their actual power histories (i.e., accounting for dug
movement) and inventories calculated for the same time duration, but &t the power level corresponding
to that a the dug’sfina position. Caculations were performed for the eastmost and westmost dugs of
theinitid charge for severd Rala discharges thought to represent worst case histories. A totd of nine
cases were consdered. In seven of these, theinitid charge was only moved once (dugs had two
pogitions). In one case, the dugs were moved twice and in another they were moved threetimes. The
results from these experiments are shown in Table 2. The valuesin the “Error” columns are the
differences between the inventory caculated with the dug irradiated in its fina position only and the
inventory caculated accounting for the time the dug spent in each position it was moved to during
irradiation for the dugs on the two ends of the initid charge.

Table2 Errorsresulting from the assumption that X-dugsdid not move during their
irradiation cycle for selected cases

Error (assumed position vs. actual)
Run Number Channel East Sug West Slug
2 1566 0.0% -0.3%
3 1766 0.0% -1.2%
3 2269 0.1% -1.1%
4 1665 0.0% -0.3%
4 1766 -0.3% -3.6%
4 2065 -0.1% -0.4%
5 1669 -0.1% -0.6%
8 1672 0.1% -0.7%
9 1767 -1.2% -1.4%
Average -0.2% -1.1%

Asisseen, theimpact istrivid for the dug on the east end of the charge. In generd, the east dug
experiences only aminor change in relaive power level when it ismoved by the charging of additiona
dugs to the same channd since the change in power level per unit change in axid position decreases as
the dug moves from east to west. 1t would be rare for the charging of new dugsto result in the east dug
being moved to a position of lower power than where it was before. Thiswould only heppen if there
were only afew dugsin theinitid charge, which was the case for channel 1767 pushed for RalLa Run 9.
As seen, the error for the east dug in this caseis Sgnificantly higher than for the other cases (athough
dill quite smal asawhole).

The error vaues for the west dugs are higher than those for the east dugs since the west dug is dways
moving from higher to lower power as new dugs are added. However, even in the case of the west
dugs, the effect of assuming the dug did not move is quite smdl, with an average error of -1.1% and a
maximum of -3.6% for the cases considered. Thus, in consideration of the datain Table 2, uncertainty
from the practice of treating X-dugs asif they spent their entire irradiation cydein their find position will
be neglected.
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Summary of Uncertain Parameters

From the above discussions, it follows that there are only three of the uncertain parameters identified as
associated with calculation of the ™! inventory at discharge for X-sugs pushed for Ral_a that need to
be consdered in such caculations. These are

the mass of uranium metd in each dug,
the pile power to pesk flux conversion factor, and
the dug position factors (rdative flux vaues).

The bounds for the mass of uranium meta contained in X-dugswill have to be established from the
available hitoricd literature. We intend to use the appropriate modules from the SCALEA4.3 code
package to address the uncertainties for the power to flux conversion and the relative flux as afunction
of pogtion.

Spreadsheet modd:

Once evauations for dl of the rlevant uncertain parameters identified above have been completed, the
distributions established for each parameter will be incorporated into a spreadsheet model that will,
utilizing the Crystal Ball® add in package for ExcelO , alow us to establish frequency distributions for
the fallowing:

31 inventory for individua dugs a discharge,
31 inventory for each channd a discharge, and
31 inventory for an entire push.

Anayseswill be performed for each push that was made for each Ralarun, with a push defined asa
group of channds discharged at one time for the purpose of obtaining dugsfor RaLa Inventory
cdculaionswill be performed for each individuad dug in each channd discharged for a specific push,
with the digtributions for each dug summed to yield the distribution for the channd. The inventory
digtributions for each channd would then be summed to get the distribution for the push asawhole. An
example of what the Soreadsheets for the calculation of the channd inventories should look like is
presented in Fig. 1. The soreadsheet shows the caculation of the individual dug and channel discharge
inventory for channd 1967 pushed for RaLaRun 1. The PS| and power factor are accurate, however,
the pogition factors are not, as the 30 dugs pushed from this channel were not dl of the dugs available,
i.e., only the westmost 30 dugs were pushed. The uncertain parameters have been set to 1.0, asitis
anticipated that these will be treated as distributions about unity once they have been characterized. In
redlity, the values under the “***l Inventory” column would be forecast cells, with the inventory values
for each dug being frequency distributions for the **!1 inventory based on the distributions defined for
the uncertain parameters. The“Sum” cell would be an aggregate distribution made up of theindividua
vaues determined for the digtributions for the inventories for each dug. There would be one additiona
forecast cdl that is not shown, that being the sum of dl of the sum didtributions for each channd that
would be the didtribution for the entire push. The push digtribution is what would then be used asinput
to the plant modd, i.e., whatever means we decide to use to go from discharge inventory to releases.
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Figurel Example spreadsheet for the calculation of channel inventories, including

propagation of uncertainties

131

1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967

Channel

Slug
-15

-14
-13
-12
-11
-10
-9
-8

© 0 ~NOoO U DWN P A

e el
UM WNRO

PSI1
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72
10.72

Position
Factor
0.641
0.671
0.699
0.725
0.749
0.771
0.791
0.809
0.824
0.838
0.848
0.857
0.863
0.866
0.867
0.866
0.863
0.856
0.848
0.837
0.824
0.808
0.791
0.771
0.749
0.724
0.698
0.670
0.640
0.608

Power
Factor
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66
0.66

| Inventorv Calculations for RaLa Run 1

Uncertainty Distributions

Slug
Mass
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Pile Power to Relative
Power Flux Factor Flux 131I Inventorv
1.0 1.0 1.0 45
1.0 1.0 1.0 4.7
1.0 1.0 1.0 49
1.0 1.0 1.0 5.1
1.0 1.0 1.0 5.3
1.0 1.0 1.0 55
1.0 1.0 1.0 5.6
1.0 1.0 1.0 5.7
1.0 1.0 1.0 5.8
1.0 1.0 1.0 5.9
1.0 1.0 1.0 6.0
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.1
1.0 1.0 1.0 6.0
1.0 1.0 1.0 5.9
1.0 1.0 1.0 5.8
1.0 1.0 1.0 5.7
1.0 1.0 1.0 5.6
1.0 1.0 1.0 55
1.0 1.0 1.0 5.3
1.0 1.0 1.0 5.1
1.0 1.0 1.0 49
1.0 1.0 1.0 4.7
1.0 1.0 1.0 4.5
1.0 1.0 1.0 43
Sym = 165.4 Ci
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Memo:

Inventory calculations have been completed for al RalLarunsin which W-dugs were used. These were
Runs 28 through 68, with the exception of Run 43, which was alow-leved bregk in runin which only X-
dugs were used (gpproximetely 60).

Inventories have been calculated for each run for **!1, **°Baand total iodine content at the time of
reactor shutdown. The inventory vaues for **| and “*°Baare given in terms of curies of activity per unit
meass of uranium shipped (in kilograms). Tota iodine vaues are given in terms of mass of totd iodine (in
grams) per unit mass of uranium. Again, these vaues are per unit mass of uranium shipped and not per
meass of uranium pushed. The caculations account for the fact that only the center-most dugs were used
from each tube pushed.

Inventories were calculated using the ORIGENZ2.1 computer code with the CANDUNAU cross-
section and fission product yield library. The calculations were carried out for continuous irradiation,
with corrections for saturation applied afterwards. In cases were theirradiation time was not known,
two ORIGEN cal culations were performed to bound the possible inventory. The irradiation time used
for the upper bound calculation was dways 100 days. 100 days was chosen to guarantee saturation for
dl radio-iodines and for ***Bawithout being excessively long. For the

lower bound caculations, one of two different irradiation times was used depending on the year in which
the run took place. Examination of the runs for which the irradiation time was known showed that for
runs prior to 1951, alower bound of 50 days seemed appropriate, whereas alower bound of 14 days
gppeared correct for runs from 1951 on. Known irradiation times are given in Table 1. Different
irradiation times for the same run number correspond to different groups of dugsin the same discharge
(i.e, different charge dates).

Once the desired irradiation times were established, ORIGEN ca culations were carried out for amass
of natural uranium equivaent to that in onetube. The tubesin the Hanford piles were charged with
ether 32 eight inch (W-8) dugs or 64 four inch (W-4) dugs. At 3.564 kg per W-8 dug, thisisatota
mass of 114.048 kg ™U. The power levels used for each reactor were the average tube power for the
appropriate time period, taken to the nearest month. The average tube power for each month was
computed by dividing the average reactor power for the month of interest by the total number of tubes.
All of the Hanford reactors used for Ral_a contained 2004 tubes. The same average tube power was
used for dl daysin agiven month. The average reactor power for each month was taken from
Appendix A of PNWD-2223 HEDR [1]. Notethat for several of the W-dug runs, inventory
caculations had to be carried out for more than one reactor since the reactor the dugs came from was
unknown. In cases where there was overlap in the power levels for the possible reactors of origin, the
inventory values reflect the average across al possible source reactors. However, there were cases
where the reactor power levels did not overlap. In these cases, individua inventory distributions for the
two reactors representing the most likely source and worst case source were established.
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Tablel Known irradiation timesfor W-dug RaLaruns

Run Number Date Irradiation Time (days)
28 November, 1948 87
31 March, 1949 69
31 March, 1949 46
38 January, 1950 98
40 March, 1950 99
41 April, 1950 90
42 June, 1950 50
51 September, 1953 302
53 July, 1953 40
55 January, 1954 63
55 January, 1954 29
57 July, 1954 33
58 October, 1954 21
59 March, 1955 14
68 October, 1956 43

In cases where the reactor of origin (source reactor) for the dugs pushed for a given run was
established, this information was obtained from one of three sources. For severd of the runs, the
teletypes that were sent from Hanford to X-10 notifying them that shipment had been made were found.
Some of these (but by no means dl of them) stated the reactor from which the dugs had come from
(along with additiona irradiation data). For dl of the runsthat took place in 1949, Ref. [2] was used to
establish the source reactor. A third document used to establish source reactor was Ref. [3], which
was used in cases where both the charge and discharge dates for a set of dugs was known. In these
cases, the dissolver summary data were reviewed to identify the reactor for which routine discharges
that uniquely matched both the charge and discharge dates had occurred. 1 such amatch could be
made, then that reactor was considered to be the source for the RalLa dugs.

Following each ORIGEN run, the values for curies of *' and ***Baand for grams of tota iodine were
corrected for saturation. Saturation correction factors were computed on the basis that the Hanford
piles maintained a 90% capacity factor. 90% capacity was the value established by Heeb during the
HEDR study [4] and is congstent with what was observed during this current effort.

Saturation factors were computed for the three quantities of concern for the three vaues used for
irradiation time (14, 50 and 100 days). The factors were determined using ORIGEN to cadculate
inventories for equivalent durations of continuous and discontinuous operation. For the 14 day period,
the saturation fractions are based on a continuous operating interval of 13 days compared to a cycle of
6 days on, one day off and 6 dayson. For the 50 and 100 day intervas, the comparisons are between
49 and 99 days of continuous operation and cycles of 9 days on and one day off repeated 5 and 10
times, respectively. The results from these assessments are givenin Table 2.
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Table2 Saturation factorsfor thethreeirradiation intervals used

Saturation Factor (ratio of discontinuous to continuous oper ation)
Species 14 Days 50 Days 100 Days
131 0.924 0.933 0.932
“Ba 0.925 0.926 0.923
tota iodine 0.943 0.935 0.922

For runs where the actud irradiation time was known, the saturation factors used were those for the
irradiation time from Table 2 closest to the actud duration.

After the ORIGEN results were corrected for saturation, they were then corrected so that the inventory
reflected that contained only in the 38 center-most dugs (in the case of W-4 tubes) or 18 center-most
dugs (in the case of W-8 tubes). The center 38 dugsin atube of 64 W-4 dugsyidd 74.9% of the
tube' s power and the center 18 dugsin atube containing 32 W-8 dugs provide 71.8% of the power
[5]. Thus, theinventoriesfor agiven tube are multiplied by ether 0.749 or 0.718, depending on the
dug type, to get the inventory contained in the dugs shipped to X-10 from that particular tube. Note
that, at this point, the inventory values dill represent the average for dl tubes in the reactor - adjustments
for radial power variation have yet to be made.

After the inventory results were corrected to give that contained only in the dugs shipped, tube factors
were established to adjust the inventory to reflect the actud rather than the average tube power. In
cases where the tube factor for a given discharge was known, the vaue was smply multiplied by the
average inventory vaue. If the tube factor was not known, an appropriate Beta distribution was
established from which tube factor values could be sampled. A detailed discussion of tube factors and
how they are sampled for Task 1 caculationsis given in REB.005 C97 [6].

After tube factors were established for each reactor of concern for a given Ralarun, how the inventory
caculation was completed depended upon what information was available. The inventory caculaions
can be broken up into seven different cases:

runs where the reactor of origin, irradiation time and tube factor are dl known;

runs where the reactor of origin is known, but tube factor and irradiation time are not;

runs where reactor of origin and tube factor are known, but irradigtion time is nat;

runs where reactor of origin, tube factor and irradiation time are dl unknown, but power levels
among the possible source reactors overlap;

runs where reactor of origin and irradiation time are known, but tube factor is not;

runs where reactor of origin, tube factor and irradiation time are al unknown, and power levels
among the possible source reactors do not overlap; and

7. runswhereirradiation time is known, but source reactor and tube factors are unknown and reactor
power levels do not overlap.
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The breakdown of the W-dug runs with respect to the seven categories aboveis asfollows:

Category 1: Runs 28 through 31 and 40 through 42
Category 2: Runs 32 through 37,

Category 3: Run 38

Category 4: Runs 39 and 44 through 50;

Category 5: Runs 51, 53, 55, 57, 59 and 68;
Category 6: Runs 52, 54, 56 and 60 through 67; and
Category 7: Run 58.

For the runsin Category 1, no sampling of any kind is required, and the result is smply the product of
the corrected ORIGEN data and the tube factor divided by the mass of 38 W-4 dugs. (No runsin this
category involved W-8 dugs.)

For the runsin Category 2, Monte Carlo sampling is performed on tube factor and the corrected
ORIGEN results for the upper and lower bounds for irrediation time. Tube factor is sampled as a Beta
digtribution and the ORIGEN data are sampled uniformly between the lower and upper bounds. For dl
runs in Category 2, the lower bound for irradiation time is 50 days, as dl of these runstook place prior
to 1951.

For the runsin Category 3, only the ORIGEN reaults for the upper and lower bounds for irradiation
timeare sampled. Thisgivesatrivid result of a uniform distribution bounded between the product of
the lower and upper ORIGEN results and the tube factor (divided by the appropriate mass).

For the runsin Category 4, the calculation is the same as those in Category 2 for each individud
reactor, but the individual results are averaged to establish uniform sampling across the possible reactors
of origin aswel.

For runsin Category 5, sampling is performed only on the tube factor.

Like Category 4, the runsin Category 6 are addressed through sampling the tube factor and average
tube inventory. However, since the power levels for the possible piles of origin do not overlap, asingle
distribution representing the possible inventory values cannot be established. Thus, individud
digtributions for the most likely and worst case source reactors were established instead. For al runsin
Category 6, the most likely source was deemed the H reactor and the worst case (highest power) was
the C reactor.

The inventory caculation for the run in Category 7 was completed through sampling the tube factor
digtribution for the most likely and worst case source reactors (H and C, respectively).
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In dl of the inventory caculations described above except for those in Category 1, uncertainty in the
resultsis reflected in the frequency digtributions that are generated in each caculaion. However, there
are some additional sources of uncertainty in these caculations that should be mentioned. The results
from the ORIGEN computer code have asmall uncertainty due to uncertainty in the reaction cross-
section and fisson product yied vaues. Thereis aso uncertainty associated with the correction of the
ORIGEN resultsfor actual reactor operation (saturation). A vaue of +5% was recommended
previoudy to address the uncertainty associated with the use of the ORIGEN code and other physical
condantsin the inventory caculations completed for the X-dug RaLaruns[7]. Thisvaue represented a
maximum uncertainty for the nuclides of interest in this current effort, and was based on an assessment
performed by Heeb during the Hanford study [8]. Given that the £5% dispersion isamaximum vaue
and that thereislittle variability seen in the saturation factors computed for the W-dug cdculations, an
uncertainty of £5% is recommended to account for the combined uncertainties from physica constants
and reactor power variation.

An additiona source of uncertainty in the W-dug cadculationsis that associated with reactor power and
asserted tube factors. 1n the Hanford study, Heeb used a vaue of 5% for the uncertainty in the
recorded pile power levels[1]. Thisislikely an overstatement given that pile power was recorded to
much greeter precision, hence an uncertainty of £5% should be adequate for the combined uncertainties
in pile power and asserted tube factors.

To give an idea of the magnitude of the potential releases of **!1 from Rala processing a X-10, the
mean vaues from the most likely didtributions for each W-dug Ralarun were used to generate the data
inFig. 1. Totasaregiven for thetime of reactor shutdown prior to discharge and for Sx days of decay
time, where decay time is defined as the time between reactor shutdown and the gtart of the first
dissolving. As seen, the most likely total for al of the runs a six days of decay is 638,498 Ci of **!.
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Figurel Total **' inventoriesfor each W-sdug Ral arun based on most likely results

131 131,

W-8 W-4 Total Total Mean *1at Mean**lat Mean **1at Mean *1at Total**‘lat Total "1 at
Sluas Slugs  Mass (ka) Mass (ka) shutdown 6 davs discharae 6 davs shutdown 6 davs
Run No. Charged Charged W-8 W-4 W-8 (Ci/ka) W-8(Ci/ka) W-4(Cika) W-4(Ci/ka) (Ci) (Ci)
28 0 36 0.000 64.152 0.000E+00  0.000E+00 5.288E+01  3.152E+01  3.392E+03 2.022E+03
29 0 38 0.000 67.716 0.000E+00  0.000E+00 5.180E+01 3.088E+01  3.508E+03 2.091E+03
30 0 38 0.000 67.716 0.000E+00  0.000E+00 4937E+01  2.943E+01  3.343E+03 1.993E+03
31 0 76 0.000 135.432 0.000E+00  0.000E+00 5.251E+01 3.130E+01 7.112E+03 4.239E+03
32 0 76 0.000 135.432 0.000E+00  0.000E+00 4.687E+01  2.794E+01  6.348E+03 3.784E+03
33 0 76 0.000 135.432 0.000E+00  0.000E+00 4.889E+01 2.914E+01 6.621E+03 3.947E+03
34 0 76 0.000 135.432 0.000E+00  0.000E+00 5.114E+01  3.048E+01  6.925E+03 4.128E+03
35 0 74 0.000 131.868 0.000E+00  0.000E+00 4.640E+01 2.766E+01  6.118E+03 3.647E+03
36 0 74 0.000 131.868 0.000E+00  0.000E+00 4.643E+01 2.767E+01  6.122E+03 3.649E+03
37 0 74 0.000 131.868 0.000E+00  0.000E+00 4.689E+01 2.795E+01  6.183E+03 3.686E+03
38 0 74 0.000 131.868 0.000E+00  0.000E+00 4419E+01  2.634E+01  5.828E+03 3.474E+03
39 0 74 0.000 131.868 0.000E+00  0.000E+00 4994E+01 2.977E+01  6.585E+03 3.925E+03
40 0 73 0.000 130.086 0.000E+00  0.000E+00 5.033E+01  3.000E+01  6.547E+03 3.902E+03
41 0 74 0.000 131.868 0.000E+00  0.000E+00 4999E+01 2.980E+01  6.592E+03 3.929E+03
42 0 74 0.000 131.868 0.000E+00  0.000E+00 4549E+01  2.712E+01  5.999E+03 3.576E+03
44 0 73 0.000 130.086 0.000E+00  0.000E+00 6.211E+01  3.703E+01  8.080E+03 4.817E+03
45 0 150 0.000 267.300 0.000E+00  0.000E+00 6.673E+01  3.978E+01  1.784E+04 1.063E+04
46 0 176 0.000 313.632 0.000E+00  0.000E+00 6.673E+01  3.978E+01  2.093E+04 1.248E+04
47 0 231 0.000 411.642 0.000E+00  0.000E+00 7.519E+01 4.482E+01  3.095E+04 1.845E+04
48 0 214 0.000 381.348 0.000E+00  0.000E+00 7.659E+01  4.565E+01 2.921E+04 1.741E+04
49 0 226 0.000 402.732 0.000E+00  0.000E+00 7.755E+01  4.623E+01  3.123E+04 1.862E+04
50 107 0 381.348 0.000 7.684E+01  4.581E+01 0.000E+00  0.000E+00  2.930E+04 1.747E+04
51 107 0 381.348 0.000 1.043E+02  6.220E+01 0.000E+00  0.000E+00  3.979E+04 2.372E+04
52 71 0 253.044 0.000 8.456E+01 5.041E+01 0.000E+00 0.000E+00 2.140E+04 1.275E+04
53 125 0 445,500 0.000 1.423E+02 8.481E+01 0.000E+00  0.000E+00  6.338E+04 3.778E+04
54 90 184 320.760 327.888 1.001E+02 5.965E+01 1.044E+02 6.223E+01 6.633E+04 3.954E+04
55 197 0 702.108 0.000 1.337E+02  7.967E+01 0.000E+00  0.000E+00  9.384E+04 5.594E+04
56 161 0 573.804 0.000 1.267E+02  7.552E+01 0.000E+00  0.000E+00  7.269E+04 4.333E+04
57 71 0 253.044 0.000 1.438E+02 8.572E+01 0.000E+00  0.000E+00  3.639E+04 2.169E+04
58 86 0 306.504 0.000 1.012E+02  6.033E+01  0.000E+00 0.000E+00  3.102E+04  1.849E+04
59 89 0 317.196 0.000 1.123E+02  6.694E+01 0.000E+00  0.000E+00  3.562E+04 2.123E+04
60 84 0 299.376 0.000 1.332E+02 7.942E+01  0.000E+00 0.000E+00  3.989E+04  2.378E+04
61 4 0 14.256 0.000 1.376E+02  8.200E+01 0.000E+00  0.000E+00  1.961E+03 1.169E+03
62 71 0 253.044 0.000 1.331E+02  7.932E+01 0.000E+00 0.000E+00  3.367E+04 2.007E+04
63 89 0 317.196 0.000 1.372E+02  8.178E+01 0.000E+00  0.000E+00  4.352E+04 2.594E+04
64 100 0 356.400 0.000 1422E+02 8.477E+01  0.000E+00 0.000E+00 5.068E+04  3.021E+04
65 71 0 253.044 0.000 1.482E+02  8.835E+01 0.000E+00  0.000E+00  3.750E+04 2.236E+04
66 87 0 310.068 0.000 1566E+02 9.336E+01  0.000E+00 0.000E+00  4.856E+04  2.895E+04
67 130 0 463.320 0.000 1.427E+02  8.507E+01 0.000E+00  0.000E+00  6.612E+04 3.941E+04
68 70 0 249.480 0.000 1.363E+02  8.124E+01 0.000E+00  0.000E+00  3.400E+04 2.027E+04
TOTALS 1810 2261 6450.84  4029.102 1071125.9 638498.2
NOTES:

All results above represent the most-likely case.

In Run 30/30A, 585 X-slugs were dissolved in addition to the W-slugs. The data above reflect only the
contribution from the W-slugs.

The number of slugs charged for Runs 41, 42 and 53 are estimated based on the known number shipped.
(The normal practice was to use two of the W-4 slugs or one of the W-8 slugs shipped for RaLa for iodine production.)

Run 43 was a low-level break in run - only around 60 X-slugs were dissolved.
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SRA APPENDIX 3L
4939 Lower Roswell Road, Suite 106
Marietta, GA 30068
Phone: (770) 509- 7606
FAX: (770) 509-7507
Internet; sra@crl.com

April 25, 1997
TO: Tom Widner
ChemRisk - Alameda

FROM: R. E. Burns, Jr.
Shonka Research Associates, Inc.

SUBJECT:  Tubefactorsfor the Hanford production reactors
MEMO NO: REB.005 C97
FINAL [X] DRAFT]]

Didribution;
Tdaet ljaz - ChemRisk - Cleveland
Joe Shonka - Shonka Research Associates, Inc.

References:
Due to the large number of references involved in the development of this information,
direct references are made in text to the gppropriate documents without summarizing
them here. Documents from ORNL Central Files are referred to using the standard
XX-YY-ZZZ format, where XX isthe calendar year, YY isthe month an ZZZ isthe
sequentia document number.  Teletypes from Hanford are identified with the prefix
“TT”. Memo reports from Hanford are identified with the prefix “HW”.

Memo:

The available references regarding Rala operations at X- 10 were reviewed for the purpose of
compiling what we know about tube factors for the Hanford production reactors with respect to
estimating radionuclide inventories for W-dugs used in Rala production. The intent was to improve our
basis for the tube factor bounds established previoudy and to revise these bounds and the model used
to describe the distribution of factors between them as necessary. Recdll that the previous approach for
tube factors was to treat them as atriangular distribution between 1.1 and 1.6, with amogt likely vaue
of 1.4 (Burns, R. E.; “Bounds for the average vaues of **'| content per W-dug pushed for Ral_&’,
REB.003 C96, April 12, 1996).

The tube factor is the relative power of agiven tube with respect to the average for dl tubesin agiven

reactor. Note that the tube factor is a measure of only the radia variation in power and does not
account for axid variation. Axia power variation was addressed by using whet the
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Hanford staff referred to as“ dug factors’ (Moon, M. R.; Brugge, R. O.; “Slug and Tube Factors’,
HW-31848, May 13, 1954). These will be the subject of a forthcoming document and are not
addressed here.

All of the Hanford production reactors considered in the Task 1 effort (i.e, the B, D, F, H, DRand C
reactors) had atotal of 2004 process tubes on a8.375 inch pitch. Thus, there would have been little
variability in tube factors between the different piles aslong as the fuel and poison loading patterns were
kept consstent among them.  The centra tubes in the piles were loaded with poisons to flatten out the
power digtribution.

From review of the avallable references (tdetypes) we have to date regarding irradiation histories for
W-dugs used for Rala production at X- 10, we have tube factor values for 11 individua tubes. We
a0 have tables of pile performance datathat | extracted as handwritten notes from classfied monthly
production reports during a records search effort conducted at the DOE - Richland Records Holding
Areain October of 1996. (These were submitted for classfication review and were released to me
before | 1€eft.) | extracted atotal of eight of these summary tables for the months December of 1953,
January of 1954, July of 1954, January of 1955, July of 1955, January of 1956, July of 1956 and
October of 1956. (October of 1956 is the date of the last Ral_a run conducted at X-10.)

The deven tube factor vaues that we have (see Table 1) are only for tubes in the origind three piles (B,
D and F), and do not date beyond June of 1950. Thus, thisinformation does not tell us how the tube
factors may have differed for the later piles (H, DR and C) or how they may have changed over time.
However, it does show usthat Ral.a dugs appear to have aways been selected from tubes having a
tube factor of at least 1.3, and thus the previous lower bound of 1.1 waslikely too low. Evenif the
flattening for the B, D and F pileswas increased in later years (resulting in alower pesk tube factor and
less change with position), the fact that the tube factor data we have show that tubes having afactor
greater than 1.3 were dways used indicates that Ral_a dugs were aways sdected from tubesin the
central zone. (Thetubesin the Hanford production reactors were broken up into three zones, with each
zone characterized by a different tube inlet orifice diameter.) (Note that thereis an error in document
50-4-9 in that one of the tube numbersisincomplete. | was not able to figure out what the number was
supposed to be.)

While the information in Table 1 gives us an indication of the distribution in tube factors for RaLa dugs
discharged from the origind three piles through 1950, it does not tel us how this distribution might have
changed beyond this time (due to changesin pile flattening or fud loading), or what the distribution
looked like for the later piles (H, DR and C). To address these issues, we need to look at the maximum
tube factors for the various piles over time. Thiswill tdl usif there were any differencesin power
digtribution between the different units, and if the digtribution for a given unit changed over time.

The summary tables (see Fig. 1) contain information that alow us to estimate maximum tube factors for
the pilesfor agiven month. By assuming that the maximum power level that a given reector achieved
during a month corresponded to the maximum alowable tube power, one can compute the maximum
tube factor by dividing the maximum alowable tube power by the average tube power. Under this
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assumption, the tube factors computed represent upper limits for a given month, as any higher factor
would have resulted in exceeding the alowable tube power for agiven pile.

Table1l Known tubefactorsfor the Hanford production piles

Push Date Reference Tube Number Pile Tube Factor
January, 1949 49-2-190 2271 F 1.473
March, 1949 TT 00456, TT00487 2268 F 1.563
March, 1949 TT 00456, TT00487 2269 F 1.586
December, 1949 49-12-149 3283 B 1.334
December, 1949 49-12-149 3562 B 1.304
March, 1950 50-3-35 2964 D 1.339
March, 1950 50-3-35 3083 D 1.347
April, 1950 50-4-9 2464 D 1.329
April, 1950 50-4-9 ?488? D 1.336
June, 1950 50-6-49 1178 B 1.304
June, 1950 50-6-49 3364 B 1.301

Fig. 2 shows the spreadsheet used for the caculation of the maximum (limiting) tube factor for each pile
for each month where performance summary datawere available. Note that the datain Fig. 2 do not
address the period prior to December of 1953. (The H reactor came on linein October of 1949, the

DR reactor in October of 1950 and the C reactor in November of 1952). Also, the B reactor was shut
down during October and November of 1956.

The datain Fig. 2 show the H and C reactors had flatter power distributions than the other pilesin the
interva between December of 1953 and October of 1956, meaning these two reactors had lower peak
tube factors than the others and that the factors changed less with distance from the pile center. The
flatter power digtribution seen for the H and C reactorsis due to the use of dightly enriched fue inthe
outer tubes, a practice began in January of 1953 (Bdlinger, M. Y ; Hdll, R. B.; “A History of Mgjor
Hanford Facilities and Processes Involving Radioactive Materid”, PNL-6964 HEDR, Pecific
Northwest Laboratory, March, 1991).

The data dso show that the maximum tube factors for the other four piles werein many cases below the
upper bound of 1.6 used previoudy. Given these observations, the following approach was established
for choosing the upper bound for tube factors for the various Hanford reactors over the time period of
interest for the purpose of computing radionuclide inventories per dug:

prior to December of 1953, and for any month thereafter for which we do not have aknown upper
limit for tube factors, the upper bound for tube factors for the B, D, F and DR reactors will be set to
1.6;

after December of 1953, in any cases where the upper limit for tube factor exceeds 1.6 for the B,
D, F or DR reactors, an upper bound of 1.6 will be used;
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Figurel Example of pile performance data extracted from Hanford monthly production
reports
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Figure2 Spreadsheet for the calculation of maximum tube factor s from the monthly pile
performance data

B Reactor (power datain kW) H Reactor (power data in kW)
Max. Power Avg.Power Max. Tube Max. Tube Max. Power Avg.Power Max. Tube Max. Tube
Period During Month  per Tube Power Eactor Period During Month per Tube Power Eactor
December, 1953 730000 364.271 510 1.400 December, 1953 930000 464.072 620 1.336
January, 1954 747000 372.754 525 1.408 January, 1954 930000 464.072 620 1.336
July, 1954 905000 451.597 675 1.495 July, 1954 950000 474.052 570 1.202
January, 1955 1035000 516.467 805 1.559 January, 1955 1035000 516.467 670 1.297
July, 1955 925000 461.577 740 1.603 July, 1955 960000 479.042 640 1.336
January, 1956 935000 466.567 810 1.736 January, 1956 1156000 576.846 795 1.378
July, 1956 850000 424.152 635 1.497 July, 1956 1075000 536.427 663 1.236
October, 1956 N/A N/A N/A N/A October, 1956 1095000 546.407 699 1.279
D Reactor (power data in kW) DR Reactor (power data in kW)
Max. Power Avg.Power Max. Tube Max. Tube Max. Power  Avg.Power Max. Tube Max. Tube
Period During Month  per Tube Power Factor Period During Month  per Tube Power Factor
December, 1953 830000 414.172 600 1.449 December, 1953 555000 276.946 425 1.535
January, 1954 848000 423.154 640 1.512 January, 1954 665000 331.836 525 1.582
July, 1954 775000 386.727 550 1.422 July, 1954 697000 347.804 575 1.653
January, 1955 1125000 561.377 810 1.443 January, 1955 780000 389.222 630 1.619
July, 1955 965000 481.537 710 1.474 July, 1955 935000 466.567 675 1.447
January, 1956 1060000 528.942 820 1.550 January, 1956 1075000 536.427 750 1.398
July, 1956 925000 461.577 635 1.376 July, 1956 945000 471.557 636 1.349
October, 1956 920000 459.082 668 1.455 October, 1956 965000 481.537 663 1.377
E Reactor (power data in kW) C Reactor (power data in kW)
Max. Power Avg.Power Max. Tube Max. Tube Max. Power Avg.Power Max. Tube Max. Tube
Period During Month per Tube Power Eactor Period During Month per Tube Power Eactor
December, 1953 715000 356.786 500 1.401 December, 1953 1160000 578.842 800 1.382
January, 1954 725000 361.776 525 1.451 January, 1954 1300000 648.703 800 1.233
July, 1954 824000 411.178 615 1.496 July, 1954 1365000 681.138 950 1.395
January, 1955 980000 489.022 800 1.636 January, 1955 1545000 770.958 1090 1.414
July, 1955 910000 454.092 720 1.586 July, 1955 1500000 748.503 975 1.303
January, 1956 985000 491.517 840 1.709 January, 1956 1725000 860.778 1125 1.307
July, 1956 855000 426.647 613 1.437 July, 1956 1600000 798.403 951 1.191
October, 1956 905000 451.597 665 1.473 October, 1956 1355000 676.148 885 1.309

between January and December of 1953, and for any month thereafter for which we do not have a
known upper limit for tube factors, the upper bound for tube factors for the C and H reactors will
be set to 1.4;

prior to January of 1953, the upper bound for tube factors for the H reactor will be set to 1.6;

in cases where an upper limit is available for a given reactor and that values does not exceed 1.6,
then that vaue will be used as the upper bound for tube factors.

The reason for choosing a upper bound of 1.6 for the months where the upper limit vauein Fig. 2
exceeds 1.6 isthat the upper limit values are estimates contingent on the assumption that the maximum
power achieved by a given reactor during a month corresponded to a maximum tube power equd to the
maximum alowable tube power. Asthiswould likely not be the case, the upper limitsgivenin Fg. 2
are therefore conservatively high. Thisis presumably why some of the upper limit values exceed 1.6.

1.6 iscongdered to be the highest vaue tube factors ever would have actudly reached giveniitis
unlikely that pile flattening would have ever been reduced for any reason. Astime went on, efforts (such
asusng dightly enriched meta in the outer tubes) were made toward increasing the degree of flattening.
Hence, adecrease in flattening was deemed unlikely.
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Note the approach outlined above for choosing upper bounds for tube factors does not address the first
two months of operation for the C reactor (November and December of 1952). Thiswasintentional,
asit isknown that no Ral.a dugs came from the C reactor during thistime.

At this point we have established upper bounds for tube factors for dl of the piles over the time period
of interest, but with respect to corresponding lower bounds, we only have such information for the B, D
and F reactors through June of 1950. Recall that a decrease in peak tube factor means an increasein
pile flattening, and thus less change in tube factor as a function of distance from the center of agiven
pile. Hence, while alower bound of 1.3 may be appropriate in cases where the peak tube factor is 1.6,
ahigher lower bound may be required in cases where the peak tube factor is lower.

Document HW- 31848 contains both dug and tube factors caculated for the Hanford piles under the
assumption of acylindrical reactor mode and that power distributions follow a cosine function outside
of the centrd, flattened region. In the case of the tube factors, vaues are caculated using different
flattening zone radii. These data can be used to establish gppropriate lower bounds for tube factors
based on corresponding upper bounds, as the upper bound is indicative of the degree of pile flattening,
which in turn dictates the change in tube factor as a function of radius.

HW-31848 gives tube factors for eight cases, corresponding to eight different assumptions for flattening
zone aress. These areas are given in terms of radius, where aradius of one equasthe fue channd pitch
(8.375inches). Theeght radii are 0, 6, 10, 12, 14, 16, 18 and 20 units. The entire reactor is modeled
asacylinder having aradius such thet its area equals that of the active pile lattice, i.e., (8.375)> " 2004
tubes = 140,561.813 square inches. Using this value, onefinds a circle having aradius of 25.256 pitch
units (211.519 inches) represents the same area.

Four sets of datafrom HW-31848 are shown in Fig.’s 3, 4 and 5 below. These data are the calculated

tube factors (under the cylindrica assumption) for the 2004 tube piles for four different flattening zone
radii: 0, 6, 10 and 12 units.

Appendix 3L - Page 6 of 14



Figure3 Tubefactorsfrom HW-31848 for a flattening zoneradiusof O
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TABLE VI

TURE . PCWER FACTORS -— B, C, 0, DR. F, AND H PILES

Rf = O
Area
2 Cos, Value I
3.14 9996 1.849
9.42 L9964 1.843
15,71 .989%% 1,830
22,00 .9802 1.813
28,27 . .9673 1,789
34,56 .9516 1,760
40.84 +9323 1,724
- 47.12 .9107 1.684
53.41 8854 1,637
59,69 .8572 1.585 .
65,97 .827 1.530
72,26 7934 1.467
54 .7581 1.402
84,82 .7193 1.330
91.11 L6782 1.254
97.39 L6361 1.176
103,67 5906 1,092
109.96 5445 1.007
116.24 4955 0.9163
122,52 LIS 0.8223
128.87 399 0.7286
135.09 3404 0.6295
141.37 2874 0.5315
147.65 .2318 0.4286
153.94 L1754 0, 3243
41,00 1547 0.2861
2004

HW-31848
F2 ¥
3,418 6.318
3,396 6,257
3.349 6,129
3.287 5,959
3,200 5,725
3.097 5,451
2.973 5,127
2.837 4.778
2,681 4,391
2.513 3.984
2,340 3.579
2,153 3.159
1.966 2,756
1.770 2.355
1,573 1.973
1,384 1.628
1,193 1.303
1.015 1.022
0.8397 0.7694
0,6762 0,5561
0.5308 0.3867
0,3963 0.2495
0.2824 0.1501
0.1837 0.0787
0,1052 0.0341
0.0819 0.0234

2433 3310
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Figure4 Tubefactorsfrom HW-31848 for aflattening zoneradius of 6
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TABLE VI (continued)
Re = 6
Area 2
2 Gos, Value F F i
113,10 1.0000 11,5666 2.451 3.838
40.84 9993 1,565 2.448 3.871
47.12 L9941 1.556 2,422 3.770
53.41 .9836 1.540 2.372 3.652
59,69 9677 1.515 2,296 3.478
65.97 9472 1.483 2,200 3.262
72,26 .9212 1.442 2,080 3,001
78,54 8902 1.394 1.943 2,708
84.82 8554 1,339 1.794 2,402
91,11 L8151 1.276 1.629 2.079
97.39 . 7705 1,206 1.455 1,756
103,67 7230 o ' 1,132 1,281 1.450
109.67 6704 1,050 1.102 1,157
116,24 L6143 0.9618 0.9251 0,8898
122,52 5563 0,8710 0,7587 0,6602
128,87 4939 0.7734 0.5981 0.4626
135.09 4289 0.6716 4511 0, 3029
141,37 23633 0.5688 3235 0.1840
147,65 <240 0,4604 2120 0.0976
153.94 2250 0.3522 1241 0.0437
4.00 ©° 1977 0.3095 0958 0.0296
2003 2338 2990
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Figure5 Tubefactorsfrom HW-31848 for flattening zone radii of 10 and 12

DECLASSIFIED HW-31848
_];5..
o] (o]
TABLE VI (continued)
Re = 10
Radius Area
R (LIJ2  Cos, Value F_ _F2 >
1-~10 314,16 1,000 1.401 1.964 2.752
n 65.97 .9990 1,400 1.960 2744,
12 72,26 .9910 1.389 1.929 2.678
13 78,54 9752 1.367 . 1.868 2,552
14 84,82 .9516 1.334 1.778 2,372
15 91,11 L9205 1.290 1.664 2.147
16 97.39 .8821 1,236 1,528 1.889
17 103,67 .8368 1.173 1.375 1.612
18 109,96 .T8.8 1.100 1,210 1.330
19 116,24 7266 1.018 1.037 1.056
20 T 122,52 L6626 0,9286 0.8623 0,8007
21 128,87 .5920 0.8296 0.6883 0.5710
22 135,09 .5180 0.7260 0.5270 0.3826
© 23 11,37 4399 0,6165 0,3801 0,2343
24 147.65 .3584 0,5022 0.2522 0.1267
25 153.94 J2740 0.3839 00,1474 0,0566
25,2 41.00 .2199 ~ 0.3081 0.0949 0,0292
s ° 2004 2263 2742
Ry = 12
1-12 152,39 1,000 1.326 1.758 2,331
13 78.54 .9987 1,324 1.753 2.322
14 84,82 .oe83 1.311 1.719 2,253
15 91,11 .9686 1.284 1,649 2,118
.16 97.39 .9385 1,244 1.548 1.926
17 103.67 .8996 01.193 1.422 1.696
18 109.96 .8508 1.128 12712 1,435
19 116,24 <7934 1.052 1.106 1.164
20 - 122,52 7290 0.9665 0.9341 0.9028
21 128,87 L6561 0.8698 0.7566 0.6581
22 135,09 L5764, 0.7643 0.5841 0.4464
23 141.37 492, 0.6529 0.4262 0.2783
2 147,65 4020 0.5329 0.2840 0.1%13
25 153.94 L3074 0.4075 0.1661 0.0677
25,2 41.00 213 0.3275 0,1072 0.0351
= 2004 2219 2607
o

From inspection of the datain Fig.’s 3 through 5, one can see that a pesk tube factor of 1.6
gpproximately corresponds to a flattening zone radius of 6 pitch units. [Calculation of the pesk tube
factor for aflattening zone radius of 5 gives avaue gresater than 1.6 (1.613).] The lower bound of 1.3
associated with the upper bound of 1.6 then gpproximately corresponds to a radius of 15 units. Thus,
one can assart that this 15 unit radius corresponds to the set of tubes from which Rala dugs were
aways chosen. Lower bounds for tube factors can then be chosen by determining the degree of pile
flattening (in terms of cylindrica radius) based on the upper bound vaue and then setting the lower
bound to the tube factor corresponding to aradius of 15 units. Using this approach, the following data
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(Table 2) were compiled using the derived tube factors from HW-31848. Note dl values were
rounded to two significant digits. The lower bound value for the upper bound of 1.5 was caculated, as
aflattening zone radius of 8 was not included in HW-31848.

Table2 Lower boundsfor tubefactorsasa function of upper bound value

Upper Bound for Tube Factor Flattening Zone Radius L ower Bound for Tube Factor
1.6 6 1.3
15 8 13
14 10 1.3
1.3 12 1.3
1.2 16 1.2

Now that both upper and lower bounds for tube factors have been established, the question becomes
how does one characterize the frequency distribution for tube power in cases where the pile of origin for
RalLadugsisunknown? In the case where the pile of origin is not known, thereis then an equd chance
that the dugs came from any of the operating piles. This then defines a uniform digtribution.  Further,
snce the monthly operating power leve isknown for al piles during the period of interes, it is easy to
establish which units represent the lower and upper bounds for tube power. However, the question
remains what the distribution of tube power looks like between these upper and lower bounds. To
address this correctly, one must recognize there are two factors at play: overlap in operating power
levelsfor the piles and the fact thet the datain Table 1 indicate that Ral_a dugs were more often

selected from tubes farther from the pile center and only rarely from tubes closer in.

Overlap in pile power levels would bias the frequency digtribution for tube factors in that the probability
associated with an overlapped region would be increased. Conversdly, if there were not overlap
between power levels, the tube power distribution would be discontinuous. To examine whether or not
there was overlap between possible tube power levelsfor the piles, the power levels over the period of
interest were reviewed to look for cases where there were large differences between the lowest power
and highest power piles. Power levels were examined between 1951 and 1956, as piles of origin are
farly well known prior to 1951, and the pile power levels were quite consstent. For each year
between 1951 and 1956, the month corresponding to the lowest power level for any of the operating
piles was established. The power levelsfor dl of the operating piles were then examined to seeif the
corresponding tube powers overlapped when tube factors were considered. The months examined
were January of 1951, December of 1952, August of 1953, February of 1954, April of 1955 and
February of 1956. In dl of these cases except January of 1951, there was not continuous overlap
between tube power levels. Thus, the distribution of tube powers cannot be established as a continuous
distribution between the lowest and highest powered piles. In addition, while there is generdly not
continuous overlap between tube power levels over a given time period, overlap doestypicaly exist
between afew of the piles. Thisresultsin an incressein the likelihood of a given tube power occurring,
an effect that must be accounted for when assessing the overal digtribution of tube powers.
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Inlight of the discussion above, it seems the only acceptable gpproach for accounting for the distribution
in tube powers when computing radionuclide inventories for W-dugs for Task 1 will be to establish
individua digtributions for each possble pile of origin, and then uniformly sample from these to establish
the aggregate distribution that represents the combined data set. To properly establish the distribution
of tube powers for each possble pile of origin, the distribution of tubes chosen for RaLa dugs must be
considered.

With respect to the distribution in tubes chosen for Ral.a dugs, the data from Table 1 can be used.
Inspection of these data show that the tubes chosen for Ral.a dugs from the origina three piles more
often had tube factors in the range between 1.3 and 1.35, as there are only three cases where higher
tube factors are seen. If one treats the datain Table 1 as sSx individual sets (corresponding to the six
Ral_a discharges they represent), it is seen that four out of the Six times (66%o) tubes with factors less
than 1.35 were chosen, while tubes having factors near the maximum vaue were used two out of the Sx
times (33%) - hdf the frequency of the lower-factor tubes. This means that the choice of tubes for
Raladugs was ether sgnificantly biased toward tubes further from the pile center or that tubes close to
poison columns were dways sdected. The later explanation is most unreasonable, and is easily
dismissed if one computes the radid distance from the center tube for each tube in Table 1 and sorts by
increasing radius.

Theradid distance (r) from the center tube is computed by establishing the distance of each tube of
interest from the pile center in both the x- and z-directions and then using the expresson

r=4(x)° +(2)". @)

Digtance is determined using the known pitch for the process tubes (8.375 inches). The x-directionis
defined as going to the left or right from the center tube when facing the pile loading face, with left being
negative and right being postive. The zdirection is defined as up and down, with up being positive.
Theradii for each tube in Table 1 and the corresponding tube factor are shown in Table 3. Note the
data for the unknown tube number were omitted.

Table3 Known tube factorsasa function of radius from pile center

Tube Pile Factor x (inches) z(inches) r (inches)
2271 F 1.473 -20.9375 -12.5625 24.417
2669 F 1.586 -37.6875  20.9375 43,113
2668 F 1.563 -46.0625 20.9375 50.598
2464 D 1.329 -79.5625 4,1875 79.673
2964 D 1.339 -79.5625  46.0625 91.934
3083 D 1.347 79.5625 54.4375 96.403
3283 B 1.334 79.5625 71.1875 106.761
1178 B 1.304 37.6875 -104.6875 111.265
3364 B 1.301 79.5625 -79.5625 112.518
3562 B 1.304 -96.3125 96.3125 136.206
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The datain Table 3 clearly show a correlation between tube factor and radius from the pile center?,
meaning the choice of tubes for RalLa dugs was significantly biased toward tubes further out.
Conversdly, an arbitrary sdection process would have resulted in a much different distribution. This can
be illugtrated by establishing an expression for tube factor as afunction of radius and then sampling
radius uniformly acrossits range.

Tube factors ranging between 1.3 and 1.6 can be described by the function

TF(r) = 1.6cosg%(r)g 2

wherer isempiricaly defined astheinterva O £ r £ 0.3962. If one uniformly samplesr on the defined
interval, the distribution in Fg. 6 is obtained.

Figure6 Tubefactorsfor arbitrary selection of tubes

Forecast: Tube Factor Distribution

Cell B4 Frequency Chart 10,000 Trials Shown
095 A - 945
071 4 L 708
= |
- — -
—] 3}
047 | 472
] =
= 1]
=] =
o 024 L 236 .
000 L o

130 138 145 153 1.60

Thisdidribution is clearly contrary to the observed distribution of tube factors from Tables 1 and 3,
confirming that sdlection of Ral_a tubes was biased toward tubes further from the pile center (but ill
within the centrd zone defined by aradius of 15 pitch units under the cylindrica modd). Thus; it
appears tube factors (and consequently, tube powers) for a given pile should be established through
sampling of a cogne function that gives tube factor as afunction of postion, where the sampling is
biased 0 that outer positions are selected with twice the frequency of the inner ones.

Through trid-and-error, it was found that defining the radius parameter (r) as a Beta distribution
bounded between 0 and 39.62 and having parameters apha and beta equa to 4.25 and 1.00,
respectively, would represent the desired distribution of tube factors. The parameter r from EQ. 2 was

! 1t is presumed the factor for tube 2271F islower than those for tubes 2268F and 2269F because it was so near the
flattening region.
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multiplied by 100 because Crystd BalO only alows valuesto two decima places. Eq. 2 was therefore
modified to

TE(r) = L6 cosEP.ge U 3
(r) & geloogﬂ €)

The desired value of the apha parameter was established by comparing the ratio of the area under the
tube factor probability curve between 1.30 and 1.35 to that for theinterva 1.47 to 1.60. Alphawas
varied until this ratio achieved the value 2.0. For apha= 4.25 and beta= 1.00, the probability
associated with the range 1.30 to 1.35 was 35.31%, versus a probability of 17.65% for the range 1.47
to 1.60. The entire frequency digtribution is shown in Fig. 7 below.

Figure7 Frequency distribution for tube factorsrepresented using a Beta distribution

Forecast: Tube Factor

Cell B3 Frequency Chart 9,950 Trials Shown
020 o - 199

015 4 - 149

010 | _— | 995

TR
L
37

I oba ility
«3an 3l

005 4 - 49.7

000 L 0

130 1 144 151 158

It is shown that applying Eq. 3 with r sampled as a Beta distribution bounded between 0 and 39.62 and
with aphaand beta equal to 4.25 and 1.00, respectively, provides an adequate representation of the
observed selection of tubes for RalLa dugs for tube factors bounded between 1.3 and 1.6. Hence,
digtributions for the other tube factor ranges given in Table 2 are defined by smply changing the bounds
onr and TFto give the desired range, where TF is the upper bound of the tube factor range. The
Beta distribution parameters a pha and beta do not change. Eqg. 4 isthen used to establish the
frequency digtribution for tube factors for any of the ranges given in Table 2. (Obvioudy, thereisno
need to establish digtributions in cases where the piles are flattened to such an extent there is no
distinction between the upper and lower tube factor bounds.)

_ Pl ou
TF(r) = Tk, COSz—¢—— 4
(r) = TF . gzgeloogﬂ 4

Table 4 gives the appropriate bounds for r for each tube factor range from Table 2.
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Table4 Betadistribution parametersfor establishing frequency distributionsfor tube factors
for W-dug inventory calculations

TF Range TFmax Boundsfor r Alpha Beta
1.3-16 1.6 0.00 - 39.62 4.25 1.00
13-15 1.5 0.00 - 33.25 4.25 1.00
13-14 1.4 0.00 - 24.21 4.25 1.00

The one issue that remains to be addressed with respect to tube factorsis tube factorsin cases where a
tube number is known, but the actua tube factor isnot. This occurs afew times for runs between 1948
and 1950. Thus, the data from Table 3 (tube factor versus radius) can be used to establish appropriate
tube factor vaues. Theradius for the tube of interest would be cal culated and compared with the radii
from Table 3. A range of tube factors would then be established based on where the radius for the tube
of interest fell with respect to those for which tube factors are known.
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SRA

4939 Lower Roswell Road, Suite 106
Marietta, GA 30068
Phone: (770) 509- 7606
FAX: (770) 509-7507
Internet; sra@crl.com

TO: Tom Widner
ChemRisk - Alameda

FROM: R. E. Burns, Jr.
Shonka Research Associates, Inc.

SUBJECT:  Sug factorsfor the Hanford production reactors
MEMO NO: REB.007 C97

FINAL [X] DRAFT[]

APPENDIX 3M

April 28, 1997

Didribution:
Tdaet ljaz - ChemRisk - Cleveland
Joe Shonka - Shonka Research Associates, Inc.
References:
1. REB.005 C97, “Tube factors for the Hanford production reactors” memo from R.
E. Burns, Jr. to Tom Widner dated April 25, 1997.
2. Moon, M. R.; Brugge, R. O.; “Slug and Tube Factors’, HW-31848, May 13,
1954.
3. REB.003 C96, “Bounds for average values of **!| content per W-dug pushed for
RaLa memo from R. E. Burns, J. to Tom Widner dated April 12, 1996.
Memo:

A memo was issued previoudy that addressed tube factors for the Hanford production reactors for the
purpose of computing radionuclide inventories for W-dugs used in RaLa production a X-10[1]. That
memo made reference to the fact a subsequent memo would be provided describing the basisfor dug
factors for the Hanford piles of interest. Thus, this memo (REB.007 C97) was developed to serve that
purpose. It dso providesfractions of total tube power contributed by a given number of Jugs taken
from the center of atube. Thisfractiond tube power information is needed because only the highest

power dugs pushed from a given tube were actudly used for RaLa

The dug factor isthe fraction of the total power for a given tube produced by a specific dug. Tube
factorsthen describe the axia variaion in power dong atube, and are afunction of axia
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position. Conversdly, atube factor isthe relative power of a given tube with respect to the average for

al tubesin agiven reactor. Tube factors then represent the radial variation in tube power for agiven
reactor.

Ref. [2] provides tabulated dug factors for the six Hanford reactors of interest with respect to Rala
production at X-10 between 1948 and 1956. All six of these reactors (the B, D, F, H, DRand C
units) cortained 2004 process tubes on a8.375 inch pitch. Asthe standard charge (number of dugs
per tube) for al Sx reactors was the same, there was no difference in dug factors among them. The dug
factors given in Ref. [2] were computed assuming the distribution of power dong atube was a
symmetric cosine function having its pesk vaue a the tube' s center. They are computed for a stlandard
charge of 32 eight-inch dugs, with dug number 1 being the upstream dug (i.e,, the one closest to the
loading face of the pile). The tabulated dug factors (f) from HW-31848 are presented in Fig. 1.

AsFig. 1 only contained dug factors for channels containing 32 eight-inch dugs, factors for channels
containing 64 four-inch dugs had to be caculated. The caculated factors are shown in Fig. 2.

Figurel Sugfactors(f) for Hanford pile tubes containing 32 eight-inch dugs

DECLASSIFIED BW-31848
alyen
TABLE 1T
32-SLUG COLUMN
SLUG FACTORS
|
Slug Fo. Cos. Valus _t SV 2 2 5 = el
1 2164 L0095 ,0095 .00009 0026 .0026 2737
2 .3007 .0133 .0228 .00018 .0052 .007T8 J3k21
3 .3827 L0169 L0397 .00029 L0083 ,0161 .Lhos6
L LH617 L0204k ,0601 .000k2 ,0120 .0281 k676
5 5373 L0237 .0838 ,00056 .0160 Qb1 5263
[ .6088 L0268 ,1106 .00072 .0206 L0647 .5850
7 6756 L0298 14Ok .00089 ,02%5 .0902 6425
8 27373 L0325 .1729 .00106 030k .1206 6975
9 .793% © .0350 .2079 .00123 .0352 .1558 JThok
10 .8h3k .0372 .2h51 .00138 .0395 .1952 . 7968
11 L8860 S L.0391 L2842 00152 L0435 .2388 8403
12 .9239 Lob07  .3249 00166 LOBTS 2863 .8812
13 .9537 L0420 .3669 .00176 .OSO% 3367 «91TT
1 9763 L0430 .hog9 .00185 .0530 .3897 L9507
15 .9914 L0437 L4536 .00191 .OSHT  Lubhkh L9797
15 29550 L840 g6 00134 L0S56 L5000 1.005
17 .9990 .0bko ,5416 L0010k L0556 .5556 1.026
18 991k L0437 .5853 .00191L .O547 .6103 1.043
19 9763 L0430 .6283 .00185 .0530 .6633 1.056
20 #9537 LOh20 6703 L00176 ,050% L7137 1.065
21 .9239 L0407 .T110 .00166 .OWT5 .7612 1.071
22 8860 .0391 .7501 .001S52 .Ok35 8047 1,073
23 843k .0372 .7873 .00138 .0395 .Bus2 1.072
2h »7932 ,0350 .8223 .00123 .0352 .87%k 1,069
25 .7373 .0325 .8548 00106 .0304 ,9098 1.064
26 6756 .0298 ,8846 .00089 .0255 .9353 1.057
7 . 6088 L0268 .G11k ,00072 .0205 .9559 1.049
28 .5373 .0237 .9351 .00056 .0160 .9719  1.039
29 L8617 L0204 ,9555 ,000k2 .0120 .9839 "1.030
30 .3827 0169 .972% 00029 ,0083 ,9922 1.020
31 .3007 .0133 .9857 .00018 .0052 .997h 1.012
32 L2164 L0095 .9952 .00009 L0026 1.000 1.005

Appendix 3M - Page2 of 4



Figure2 Sug factorsfor Hanford pile tubes containing 64 four-inch dugs

Slug Cosine Slug Slug Cosine Slug
Number Increment Value Factor Number Increment Value Factor
1 315 0.1951 0.0043 33 0.5 0.9998 0.0221
2 30.5 0.2377 0.0053 34 1.5 0.9979 0.0221
3 29.5 0.2798 0.0062 35 2.5 0.9941 0.0220
4 28.5 0.3214 0.0071 36 3.5 0.9884 0.0219
5 27.5 0.3624 0.0080 37 4.5 0.9808 0.0217
6 26.5 0.4027 0.0089 38 5.5 0.9713 0.0215
7 25.5 0.4423 0.0098 39 6.5 0.9600 0.0213
8 24.5 0.4810 0.0107 40 7.5 0.9469 0.0210
9 23.5 0.5188 0.0115 41 8.5 0.9320 0.0206
10 22.5 0.5556 0.0123 42 9.5 0.9153 0.0203
11 21.5 0.5913 0.0131 43 10.5 0.8969 0.0199
12 20.5 0.6259 0.0139 44 11.5 0.8767 0.0194
13 19.5 0.6593 0.0146 45 12.5 0.8549 0.0189
14 18.5 0.6915 0.0153 46 13.5 0.8315 0.0184
15 17.5 0.7224 0.0160 47 14.5 0.8064 0.0179
16 16.5 0.7518 0.0167 48 15.5 0.7799 0.0173
17 15.5 0.7799 0.0173 49 16.5 0.7518 0.0167
18 14.5 0.8064 0.0179 50 175 0.7224 0.0160
19 13.5 0.8315 0.0184 51 18.5 0.6915 0.0153
20 12.5 0.8549 0.0189 52 19.5 0.6593 0.0146
21 115 0.8767 0.0194 53 20.5 0.6259 0.0139
22 10.5 0.8969 0.0199 54 21.5 0.5913 0.0131
23 9.5 0.9153 0.0203 55 22.5 0.5556 0.0123
24 8.5 0.9320 0.0206 56 23.5 0.5188 0.0115
25 7.5 0.9469 0.0210 57 24.5 0.4810 0.0107
26 6.5 0.9600 0.0213 58 25.5 0.4423 0.0098
27 5.5 0.9713 0.0215 59 26.5 0.4027 0.0089
28 4.5 0.9808 0.0217 60 27.5 0.3624 0.0080
29 3.5 0.9884 0.0219 61 28.5 0.3214 0.0071
30 2.5 0.9941 0.0220 62 29.5 0.2798 0.0062
31 1.5 0.9979 0.0221 63 30.5 0.2377 0.0053
32 0.5 0.9998 0.0221 64 315 0.1951 0.0043

Thedatain Fig.’s 1 and 2 can be used to caculate the power contributed by an individua dug in the
case where the totd tube power in known. However, for the purpose of caculating radionuclide
inventories for RaLadugs, it is more useful to use these data to compute the fraction of the total tube
power contained in agiven set of dugs, eg., afixed number of dugs from the center of thetube. This
fraction is Smply the sum of the cosine vauesfor the dugs of interest divided by the sum for the whole
channel.

Not al dugs pushed from a given tube were actudly used for Rala production. Instead, only the
highest power dugs from a given tube were shipped with the rest going to waste. (The burnups were
typicdly too low for them to have sgnificant plutonium content.) Hence, two assumptions were
established previoudy: 1) for 32 dug tubes (eight-inch dugs), only the center 18 were used for Rala;
and 2) for 64 dug tubes (four-inch dugs), only the center 38 dugs were used [3].
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Referring to Fig. 1, the center 18 dugs from a 32 dug tube would be dug numbers 8 through 25. By
summing the cosine values for these dugs and dividing by the sum for al dugs, one finds that the center
18 dugs from a 32 dug tube provide 71.8% of the tube' s power. Thisvalue can be used to scale
radionuclide inventory results computed from an entire tube to get the inventory contained in just the
center 18 dugs.

Referring to Fig. 2, one seesthat the center 38 dugs for a 64 dug tube would be numbers 14 through
51. Thefraction of the total tube power contained in these 38 dugs is computed to be 74.9%.

If there are cases where it is known that a different number of center dugs were used from a particular

tube, then the datain Fig.’s 1 or 2 (as appropriate) would be used to compute the fraction of tota tube
power produced by the dugs of interest in the same manner as above.
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SRA APPENDIX 3N
4939 Lower Roswell Road, Suite 106
Marietta, GA 30068
Phone: (770) 509- 7606
FAX: (770) 509-7507
Internet; sra@crl.com

May 19, 1997
TO: Tom Widner
ChemRisk - Alameda

FROM: R. E. Burns, J.
Shonka Research Associates, Inc.

SUBJECT:  Decay timesfor W-dugs
MEMO NO: REB.004 C97
FINAL [X] DRAFT[]

Didribution;
Tdaet ljaz - ChemRisk - Cleveland
Joe Shonka - Shonka Research Associates, Inc.

References:
Due to the large number of references involved in the development of this information,
direct references are made in text to the gppropriate documents without being summearized
here. Document HANFORD 45828 is a collection of 100 area monthly reports for the
Hanford site for the calendar year 1949. These reports provide detailled summaries of pile
operations for each pile from January through November of that year. Documents from the
X-10 Centrd Filesarereferred to using the standard XX-YY-ZZZ format, where XX is
the cdendar year, Y'Y isthe month an ZZZ is the sequentid document number. Likewise,
logbooks are referred to by their assigned logbook numbers.

Memo:

The available references regarding Rala operations at X-10 were reviewed for the purpose of compiling
what we know about decay times for fud dugs discharged from the various Hanford production reactors
and shipped to X-10 for RalLa production. Note that the start of the decay time for RaLa dugsis when the
reactor was shut down prior to discharge, and not the time when discharge actualy occurred. In the case
of Hanford pile operations, the time between shutdown for discharge and subsequent restart was around
24 hours. Hence, the elgpsed time between shutdown and actud discharge needs to be accounted for.
Likewise, the end of the decay interva is defined asthe start of the firgt dissolving, and not the start of
codting remova or dug charging.
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Review of the available information resulted in two sets of data being compiled: cases where time of pile
shutdown was known, and cases where only a push date was known. Both sets of data are summarized
below by Ral_a run number, followed by conclusons. Note that in some cases, the time when the first cut
began is known exactly, and in others, thistime is known only approximately. | have used the word
“around” to denote judgment on my part based on my familiarity with Rala operations a X-10. Precision
for the given decay timesisto the nearest 12 hours (0.5 day). Also note that dl times and dates have been
adjusted to the eastern time zone.

RalLa runs for which the time of pile shutdown is known:

Run 29:

Pile shutdown time:
Firg cut;
Decay time:

Run 30:

Pile shutdown time:
Firg cut;
Decay time:

Run 31:

Pile shutdown time:
Firg cut;
Decay time:

Run 32:

Pile shutdown time:
Firg cut;
Decay time:

Run 33:

Pile shutdown time:
Firg cut;
Decay time:

Run 34:
Pile shutdown time:

First cut:
Decay time:

22:20 hours on 1/4/49 [HANFORD 45828]
1/10/49 [49-1-184]
around 5.5 days

05:20 hours on 2/8/49 [HANFORD 45828]
2/14/49 [49-4-35]
around 6.5 days

00:20 hours on 3/15/49 [HANFORD 45828]
3/20/49, morning [logbook A-37 part 1]
around 5.5 days

03:50 hours on 4/12/49 [HANFORD 45828]
4/18/49, around 02:00 hours [logbook A-37 part 1]
6.0 days

04:00 hours on 5/18/49 [HANFORD 45828]
5/24/49, around 06:00 hours [logbook A-37 part 1]
6.0 days

22:31 hours on 7/5/49 [HANFORD 45828]
7/11/49, midnight [logbook A-37 part I]
6.0 days
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Run 35:

Rile shutdown time:
Firs cut:
Decay time:

Run 36:
Pile shutdown time:
Firg cut;
Decay time:

Run 37:
Pile shutdown time:

First cut:
Decay time:

01:20 hours on 8/10/49 [HANFORD 45828]

8/15/49, around 10:00 hours [logbook A-37 part ]

5.5 days

02:35 hours on 10/4/49 [HANFORD 45828]

10/10/49, around 02:00 hours [logbook A-37 part 11]

6.0 days

07:50 hours on 11/16/49 [HANFORD 45828]

11/21/49, around 02:00 hours [logbook A-37 part 11]

5.0 days

Data summary for runs where pile shutdown time is known:

Run Number Decay Time
29 around 6.5 days
30 around 5.5 days
31 around 6.0 days
32 6.0 days
33 6.0 days
34 6.0 days
35 5.5 days
36 6.0 days
37 5.0 days

RalLa runs for which only the push date is known:

The estimated decay times given below include time to account for the decay between the time of pile
shutdown and the time the dugs were pushed. A nomind interva of 12 hours was used. For Runs 51 and
53, there were problems with dugs getting stuck in chute during loading that resulted in extended decay
times. For Run 55, there was along delay between dug discharge and shipping that resulted in amuch

longer than usud decay time.

Run 51:
Push date:

9/18/52 [52-9-113]

Firg cut:  9/25/52, around 00:00 hours [logbook A-379]

Decay time:

around 7.0 days
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Run 53:

Run 55:

Run 57:

Run 58:

Run 59:

Run 68:

Push date:
First cut:
Decay time:

Push date:
First cut:
Decay time:

Push date:
Firs cut:
Decay time:

Push date:
First cut:
Decay time:

Push date:
First cut:
Decay time:

Push date:
Firg cut:
Decay time:

6/27/53 [53-6-211]
7/4/53 at 13:30 hours [logbook A-429]
around 7.5 days

1/5/54 [54-1-42]
1/16/54 at 21.00 hours [logbook A-429]
around 11 days

7/12/54 [54-7-61]
7/17/54 at around 16:00 hours [logbook A-616]
around 5.5 days

10/18/54 [54-10-85]
10/23/54, afternoon [logbooks A-429 and A-616]
around 5.5 days

02/25/55 [55-3-9]
03/02/55 around 16:00 hours [logbook A-664]
around 5.5 days

10/14/56 [56-10-57]
10/21/56, around 17:00 hours [logbook A-429]
around 7.0 days
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Data summary for runs where only the push date is known:

Run Number Decay Time
51 around 7.0 days
53 around 7.5 days
55 around 11.0 days
57 around 5.5 days
58 around 5.5 days
59 around 5.5 days
68 around 7.0 days

Conclusions:

The two sets of decay times detailed above are combined below.

Run Number Decay Time
29 around 6.5 days
30 around 5.5 days
31 around 6.0 days
32 6.0 days
33 6.0 days
34 6.0 days
35 5.5 days
36 6.0 days
37 5.0 days
51 around 7.0 days
53 around 7.5 days
55 around 11.0 days
57 around 5.5 days
58 around 5.5 days
59 around 5.5 days
68 around 7.0 days

If one treats the above data as a single set and ignores the subjective nature of many of the points, the
following digtribution is obtained:
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Decay Time Number of Occurrences
5.0 days 1
5.5 days
6.0 days
6.5 days
7.0 days
7.5 days
11.0 days

R[NP |O1O1

Thus, for the Sixteen cases for which decay time can be established, the most likely decay interva between
reactor shutdown and the start of dissolving was 5.5 to 6.0 days (10 out of 16 times or 62%). Eleven out
of the sixteen intervals (69%) occur in the range from 5.0 to 6.0 days. There are three intervas (19%) in
the range 6.0 to 7.0 days and two that are greater than 7.0 days (12%).

Recognize that the distribution data described above are days of decay time, and not the magnitude of the
decay itsdlf. The magnitude of decay as afunction of decay time is obvioudy afunction of the nuclide or
combination of nudlides of interest, and is inherently logarithmic in terms of frequency distribution.
Conversdly, the digtribution for days of decay time should be treated as uniform between the gppropriate
lower and upper bounds in cases where the actud decay interva isunknown. (Therewasan error madein
the Hanford study where decay was ingppropriately sampled uniformly rather than as alogarithmic
digtribution) (PNWD-2222 HEDR, page 4.17, item 4).

For nuclides that do not experience significant ingrowth from precursors, the magnitude of decay is
computed by smply applying the known hdf-life of the species of interest. With respect to decay
calculations for Task 1, thiswould apply for both **!1 and **°Ba. However, for the total iodine values,
dmple decay is not the case. The presence of the stable fission product *#’I in the total iodine values makes
it necessary to establish decay expressonsthat are afunction of irradiation time. Thisis dueto the fact
there is no decay associated with the stable iodine. Hence, the quantity present inirradiated nuclear fudl
awaysincreases with increased irradiation time. Thereis never any decay, and no equilibrium condition
can be established (loss from neutron absorption reactions is being negated here)) The quantitative
expression for computing the decay of the totd iodine inventory versus time is therefore a strong function of
the amount of *2'| present in the fuel at discharge, Since, in limit, the decay expression reaches an asymptote
at this amount when time becomes large with respect to the effective hdf life of the radioactive fisson
product iodines.

In the inventory calculations performed for the W-dug Ralaruns, there were in generd threeirradiation
durations used to compute the ingrowth of fisson productsin the dugs. For the earlier W-dug runs,
irradiation time was bounded between 50 and 100 days. A larger interva of 14 to 100 days was used for
runs that took place after 1951. There were also runs where the actud irradiation time was known,
however, in dl of these cases the durations were close enough to one of the three “standard” durations that
no distinction was deemed necessary for the purpose of computing percent saturation or decay. Thus,
three expressions are needed to compute decay of the total iodine results from the W-dug inventory
caculations, corresponding to the three irradiation durations 14, 50 and 100 days.

Appendix 3N - Page6 of 7



The generd expression for computing decay for the totd iodine inventoriesis
f(t) = ae”™ +ce™

where f(t) isthe fraction remaining a timet,
tisthe eapsed timein days since reactor shutdown, and
a b, c and d are constant coefficients.

The coefficients required to compute decay for the total iodine values for each irradiation duration are given
in the table below. These values were obtained through fitting total iodine results from ORIGEN2.1 asa
function of timefor the three irradiaion times of interes.

Irradiation Duration

Coefficient | 14days | 50days | 100 days
a 0.6810 0.7971 0.8741
b -0.0362 | -0.0203 | -0.0104
c 0.3190 0.2029 0.1259
d -0.4477 | -0.4749 | -0.4433
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APPENDIX 30

DOCUMENTSPERTAINING TO THE 1954 RALA ACCIDENT

April 30, 1954 memorandum from W. M. Stanley Jr., Laboratory Shift Supervisor,
to C. E. Larson, ORNL Director; Subject: “ Area Contamination on April 29, 1954.” (partial

copy, 2 pages).

May 3, 1954 memorandum from W. M. Stanley Jr., Laboratory Shift Supervisor,
to M. E. Ramsey; Subject: “3026 Incident 4/29/54 4.48 p.m.” (2 pages).

May 10, 1954 memorandum from W. M. Stanley Jr., Laboratory Shift Supervisor,
to M. E. Ramsey; Subject: “3026-D Incident of April 29, 1954” (4 pages).

Pages from X-10 Health Physics notebook A-569 for 4/29/54 (4 pages).

“RalLaProduction — 1954" by A. F. Rupp and E. J. Witkowski.
ORNL Central Files Number 55-1-211 (Partial copy, 3 pages).

June 2, 1954 memorandum from C.E. Larson to K. A. Kasschau of the USAEC;
Subject: “Rala Production.” (4 pages).
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( i ( NAME )CO}\{PANY. CARBIDE AND CARBON CHEMICALR COMPANY - . - T OGCATION OAK RIDGE, TFNN
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To + Co-B, larson pATE April 30, 1954, 8:00 a.m.
rocation Building 500 '
: .  ANSWERING LETTER DATE
ATTENTION '
cory T0 ¥, Z, -M’Orgauﬁ ~stBiEcT ARKA CONBAMINATION OX
A. 7. Rupp APRIL, 29, 198k

About 5115 p.m. cu Aperil 29, 195%, e large amount of sctivity vas relsssed
' top of the Rale process cell in Building 3026D. The sotivity wes
Telsassd from the slug dissolver through the slug loading chutd and selu-
tion saddition lines during addition of nitric seid (about -3
60%) for a dissolving. One homdred and one Banford slugs hed bees leeded

~ Shop (Bwilding )y snd leter o some extent in the Orsphite Resster
- {Bullding 3001).  The high sctivity vas noted By the pecpls im the
oceupled bulldings, 3010 snd 3005, emd svacustion was caaplete by about
9125 p.m. The LITR wvas shut down from 5115 p.m, 0 -T132 p.m.; the
“Grsphite Besctor vas shut down fram 6100 p.a. 0 7108 p.x. There vere

&
E
i
R
:
;
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C. B, Larson -2 April 30, 195k

and the sffort wvas concentrated on the other msjor buildings involved,
Sixtesn janitors wvars held over from the 4-12 shift for decontamination
work. All horizonmtal surfaces in Buildiangs 3037, 3038, 3006, 3005, and
3010 ware cleaned and indicaticns at 7130 s.a, are that they are below
tolerance. Except for Building 3026, the level of contamination wvas about
1 to § mr/hour, The only major building countaminated except 3026 and not
clesned by 8:00 a.m, is the Rolling Mill, Bailding 3012, The roadways in
thaamatnmluduumhl&andanmtobcbclwmom levela
at 83100 a.m,

All people invelved in the incident and later in the high level decon-
tamination wvork are being given the sztandard HP check including urine
chacks, eta, A prelimicery chack of some of the film dadges is attached,
Health Physics will vrite s complete report of the incldent from their
angls,

Samples were takem of the Settling Basin: Outiet at 7100 a.m, showed 235
counts; inlet sample showeé 651 counts at 7300 p.m., 10,335 counts at
11:00 p.u, &nd 1,117 counts at 3100 a.m, White Oak Dem checks at 2130
a.m. showed 24 counts and at 5130 a.m, showed 16 counts; it will bs

B

several hoii¥s hefors this activity resches the dam.

Pressut {tidications are that the activity has e half life of about twenty
hours, Radistion seems to be gensrally very hard,

Rediation lsvels in Bullding 30260 reached more than 100 R/hour on the
third level, At 7:00 a.m, the first floor wvas sbout 100 wr/hour and air
activity vas below tolerance levels. Processing of the first part of the
Rela run is procesding; becauss of the mpysrvent rapid decay it is plavned
to wait until Sunday night before trying to continue with the second paxt.

The air monitor at the rock guarry on Bethal Velley Roed showsd a very
slight riss after tha inoident.

Attachment:
HF Cheek mantioned

B 33
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nameE J COMPANY CAREIDE AND CARBON CHEMICALS COMPANY LOCATION 0AK RIDGE, TENN,

TO M. E. Ramsey DATE  May 3, 195k
LOCATION Building 4500

ANSWERING LETTER DATE
ATTENTION

COPY TO SUBJECT 3026 Ineident 4/29/5h
: 4348 p.m.

At approximately 5:00 this office wvas informed of a radiation incident in
3026 Building by Guard Headquarters. Onm arrivel i found that a dissolving
reaction invalving Hanford material and nitric ac gotten awvay, blowing
dissolver salution back onto the top level of the 3026 cell block. A plume of
nitric funes could be seen billowing from the third level windows, east side.
Steps were taken immediately to see that 3026 and the Icstope Area vere evacuated.
Building 3026 wvas evacuated almost immediately, all personne) meking use of masks
in their escspe. 7Ths Isotops Area wvas evacuated next. All personnsl here were
in 3037 and 3038. As the reaction causing the activity was still going personnel
vere sent back into BPullding approximmtaly 5:02 with chemox masks to stop it.
This wvas dons Dy turning water on A=l Jacket and condanser coll at 2nd level of
the building., The reactiom was controlled and off gas recovered within about ten
sinutes of the initial burst. Road blocks ware estsedlished next at the west end
of the tank farm rumning nerth from White Cak Avenus. (These blocks were later
moved in to the N. E. sector boundsd by Central and Fourth Strest). All evacuses
were varned to move west. AL about this time (approximately 5:120) it had been
deterzined that 35%0, 4500, 5500 and 4505 were not involved and these pecpls
advised that they could remair in their buildings but to be ready to leave.

Down wind from the scens {N. 2. of 3026) happenings wvere spproximately as
follows. The Guard Departmanmt dispatcher was instructed to evacuats Post §16,
LITR, and 3010 by telsphone st approximataly 5:04, While receiving the abowve by
radio, the LITR callad in to find a H. P. man. The LITR wvas appralsed of the
spill problem. Immdiactaly thereaftsr one of the 3010 personnel appeared at the
Control Room also in search of H. P. atd, He wvas told of the problem and asked
4f any peopls remmined in 3010. Ncne remained. The LITR wvas Jdown and evacuated

By
Ed

%

at 5:15, and it is assumed that the 3010 group were out by about 5:10. Unfortmmate~

1y no early attempt vas made to svacuate 3025. One person here evacusted vhen
hearing the ailr monitors. One persom remsined dowvnstairs out of earshot of the,
monitors and vas not evacuated wntil 6:;00. He received no known exp. -.

At approximately 6:00 M. E. Bamsey, H. Rlaner and shortly thereafter, Dr.
Larson wers appraised of the difficulty. Upom arrival of 3026 supervision a brd
vas taken for food. Thersafter, efforts vers mads to decontaminate 3026 cell b))
by directing & gentle flow of vater down from above, and ares and building invesiti-
gation started. Upon suggestion of 3026 supervisicm, 4-12 janitors were held sn*
a driver called in to spray the roads on 128 shift. '

Unfortunately seversl incidents vere noted that could not be considered the

best from an emergency standpoint. nnt,qwmumhumm's, .
the general attituds towsrd them is coe of mistrust. Also, at the time of this
incident, no gas mesks wers avallable here, At Building 3010 the situation was

X-82 (6451} THIS FORM FOR INTER-COMPANY CORRESPONDENCE ONLY




the same regsrzing masks. Hare the initial burst of radistion shut down the _
reactor and trouble at the LITR was suspected. First report from here indicated
that their CAM was disconoected. (This has sinse prowen wrong). However, as
- hast can be detarained information of air setivity, here, vas gotten from outside
rather than building instrumants. B8till further regarding this group, a minor
smmmmmmmmmmmamw
advised evacuation. The entire group, one heavily contaminated, then procesded
te ths Dispansary to contact the L. 8. B. for aild. -

LS

W. K. Stanisy




o INTER-COMPANY CORRESPONDENCE

OAX RIDGE NATIONAL LABORATORY

INSERT Operated By , Post Office Box P
NAME ) COMPANY CAREIDE AND CARBON CHEMICALS COMPANY LOGCATION O0OAK RIDGE, TENN.
TO M. E. Ramsey paTE May 10, 1954
LOGATION Bullding 4500 -
ANSWERING LETTER DATE
ATTENTION '_
COPY TO A. M. Veinberg - suBJEcT 3026-D Incident of April 29, 195k
K. L. Morgan g
A. 7. Rupp
e

At 4358 p.n. on the afternocon of April 29, 195h, a radiation incident occurred
in Building 3026-D, which nacessitated s partial evacustion of the Laboratory and
which contaminated s considersbls ares north and northesst of the bullding. An
account of the events Jjust prior to and after the incident are as follows:

At about 3:56 p.m. {utmm)mdmmtwtmdmnm 3026-D
went to the third level {top) of the process cell, started addition of nitric acid
to the dissolver, and went back to the second level (instrument panel). Upon the
acld comtseting the matarial in the dissolver (wranium slugs), a violsnt reaction
occurred. It is nov believed that the material, more active than usual, was
thermally hot. 7The rescticn forced hot solution and vapor from the slug chute and
solution sddition lines to the top of the cell block. As this oecurrsd, air monitors
and monitrons within the bduilding began to alarm. All persounsl in the bullding
donned gas masks and svacuated izmediately. ‘ '

As process and laboratory personnel emerged from the bullding the shift Guard
Captain was in his car immedistely across the street. Seeing the hasty exit and
the orange fumes escaping from upper vindows, the captain rsdiced immediately for
" the Health Fhysics Superviscr and the lLaboratory Shift Supervisor. The time, -
established from recorded radio trsnamission, wvas %:58 p.m. The H.P. man and the
158 arrived in spproximately thres minutes, or at 5:01 p.2. The incident wvas discussed
and the fact that the dissolver cooling water was off and that most of the acid vas
in the dissolver was established. The 3026<D superviscr and one of his men ree
entered the building immsdistely, weariang chemox masks apd carrying 10 R Cutle-Ples.
Hater vas turned on t0 the disscliver jJacket t0 stop further rsaction and prevent
solidification of UNE, DBefore leaving the bullding it was observed that off-ges
vacuum had been regained. This probably occurred when sufficlent acid had run in
to cool the mmterial. .

1.

As this was being dons, the Isctope Area was slerted and svacusted (six
employees), a8 it seemed to be immediately down-wind. All svacuses vere congregated
up-wind from the wcene snd checked for contamination. At 5103 p.m. Post 1§, directly
north of the scens, wvas evacusted and the guard sent to the west end of Bullding
3019, At sbout 5:06 p.m. Bullding 3550 was found uwnaffected and a check on
4500 wvas started. The actual situstiom in Bullding nct
53120 p.m.; however, events in betsween showed the
vas given to the shift groups hers, hovever, to

g
q

wind
alert them.
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&tMS:wammmWhamuahﬂ&
Mimm,m&mmwmmr.mmunmrmstmmm&
Atszlop.n.mmmmmmmtubymummumm
Building 3010 to evacuste if their sir monitors
mommummnmmmwummmmm
t¢ beadquarters. (mmmmmmmmw&mwm
at the esst end). At the tlme af the above radfoc tracsmissiom the LI®R vas
mmmn&wmmmmmmmz .
He said he was svecusting. .(nmhmfmthatmmﬂmmn
5118 p.m. )« Pirectly after the one
in search of Health Physice xid.

Bullding 3010 was svacuated. It
seems to be sbout 5:07 p.m.

-"mmdemmmmmmusmp@
Atﬁ:%pmmﬁﬂmhmumwwmtmmm

:
?
:
]
a

A

T:00 poms Dr. Co B. Larsom was notified. At 200 p.m. the Graphite Resctor was shut
down and evacuated. nwmmmtmmmm“auhmerm.
mmmtdnaut;,mzmnmmmummmmm
performing relisdly. Shortly after 6:00 p.a. M. Rlauer, Nr. B. J. Witkowski, and
quMmﬁMﬁmmwmn. T™he situation as it
eﬁshﬁmmmmﬁumruautotm '

mmmwmm:mmmmuummmm
. in involved mejor bulldings except in Bulldings 3012 and 3026, The |
area were washed thoroughly with the wash truck, Although the above bettered the
situﬁm’,itmrmumﬂ-mmmnmmm-wmm
ua:oo..n.mwymummmnumpm(som303&,3005,
3006, and 3010) vas from 1 to 5 ar/hr. Checks on water activity at White Oak Dam
mthrhdmthnmmmmrﬂlmdtwmmmxuty. At no time
414 the activity bars becoms serices. o



-3

On Priday April 30, a gensral plan of stiack was drswn. This involved 1) -
restrieting entry into the contaminated ares, requiring shos covers and yellow
coveralls; 2} - restricting vehicular traffic in this ares to hard surface roads
(thmse vere re-washed on Fridey, April 30); 3) = scheduling perscunel of affected
groups, with janitorial and health physics help, on Smnday, May 2, for an organiz-
ed decontamination effort; b) - delaying any efforts at 3026-D until 8:00 a.m. on
Monlisy, May 3. On Sunday, May 2, a total af 22 people other tham shift perscunel
worked on clean uwp of the contaminated ares; included were 11 departmental, 7
Janitorial, sod b health physics people. Approximately 6 shift peopls worked
with them or upon their respective aress. _

Going back and cowering a Bit more in detail the in aress other
mmmummxm%w,bmrmurm
At - Mtbﬂutinﬁennnattrwbhm;mm'nrn'. Tha

Rauitors in cpen aress were aff scale., The supervisor checked briefly for local -
trouble and called Guard Nesdquartiers seeking N.P. aid st 5:08 p.m. It wan o
. determined that the air activity was general, Cward Eeadquarters was called again,
wm'mm'mmmm_mwmns:mp.m'
The LITR wvas Cown at 5:1% p.m. and brought beck wp at 7:32 p.m. Hers alsc no gas
mesks were availsbhle.-

At 3001, the Grsphite Resctor, the initial burst of activiiy was noted but
mmmzmmwbmxmsm.wmm_mm. ™his tuilding
remsined occupled uvntil 6:00 p.m., when the alr momitors were not considared by
supervision 4o be operating relisbly. At this tims the reactor was shut down; it
vas brovght back up at T:00 p.m. ' S

At Bullding 3025, air monitors on the main floor sounded immedistely after the
relesse. The only man upstairs ewacuated. A% sdout 6:00 p.m. snother man was
discovered working in the basement of this building, out of sarshot of the air
muitors. He was evacusted at this time, and it was later found that he received

& negligible exposure.




W,MMWMtMtMMiMﬁMm
Friday, May T, we find the following: _

. 5300 p.m. _' | h:30 pom.
. ; My 7
First lawl o 750 mr/hr - 100 mr/nr
Second Level ‘ © T-8r 150 =/hr
Third Level (Syill area) ~ 100 r/ne  10-20 r/or
Hoadvays Northesst of 3026 5+10 mr/hr mmxa-ma'
mmww:ms ' ] ' _
Extericr walls e e 1020 wefhr <1 lr/hr
mmp., eto., toside _ , b-s_n-__ N <1nfhr(mxgvhon aeeanmuu

m-mmm _
~of 3026 : o 10-15n/hr h-5-r/hr.

ﬂmmummnmmmmwmmsws,mmﬁ
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volume of K2C03 solution from 9 to 50 liters in
on effort to aveid the incomplete reactions ex-
perienced in some previous runs,

Extractor and Filter Rinse. Product was left
behind in the extractor tank and on the process
filters after it was transferred from the extractor
to the resin column feed tank. It is impossibie
to make complete transfers because the relatively
small size of the feed tank limits the volume of
solutions that can be used for cleoning out the
large extractor tank.,

Fuming Nitric Acid Filtration. The highest loss
experienced in this step was incurred in run
No. 55, the only run processed through cubicle
No. 300; this cubicle has a product evaporator
and filter of the old design, and it is belisved
that the high loss was coused by cracks in the
tilter resulting from fobrication difficulties.

Product Evoporater Rinse. Some product was
left behind in the evaporator after the moin portion
of the product solution had been transferred to the
shipping cone. The volume of water used for the
dissolution and transfer of the product is limited
by the size of the cone and is too small for an
effective transfer, Attempts to wash the tank with
more woter and to transfer the waoter to the
shipping cone after the first portion had evaporated
resulted in higher losses from the cone into the
off-gas line,

In addition to the losses determined by the
analysis of waste solutions, it is estimated that
more than 15% of the starting preduct was lost
through the off-gas line during the drying operation
in the shipping cone. The largest single loss
oceurred in run No. 55. Since ORNL does not
hove the facility for making o radiechemical
analysis of the product ofter it is put in the drying
cone, such an analysis was made ot Los Alomos;
their analysis was lower by 20,000 curies than
the measurement made ot ORNL after the fuming
nittic acid step.

UNUSUAL INCIDENTS

The equipment was opercted far chove its de-
signed caopocity (500 curies in disselver and
extraction section ond 10,000 curies in the purifi-
cation section) in every run. This condition led
to the most serious accidentol release of gctivity
ever experienced in the history of the process,
which made it necessory to abanden ¢ run and to
shut down the building for decontamination for o
period of 1] weeks,

The siugs looded into the dissoiver for this run
contained approximately 100,000 curies of product.
The quontity of starting material was vnusually
large so that o very large shipment could be
produced and so that the chonce of e poor ship-
ment resulting from losses coused by the usucl
processing difficulties could be reduced. It was
planned to make the run in twe parts and tweo
separate shipments,

Dissolvings for the first part were discontinued
ofter the third batch, insteod of ofter the fourth
batch os had been plonned, because the UNH
analysis showed that the slugs contoined more
than the expected omount of activity, The
partially dissolved uronium slugs ieft in the
dissolver therefore were hotter than in ony
previous run. The incident occurred at the be-
ginning of the addition of &0% HNQ, for the
second port of the run. Because of their intense
radicactivity, the siugs apparently had become
very {thermally} hot during the period of time that
they were not covered with liquid between the
dissolvings for the two ports of the run and had
reacted violently with the HNO,. The solution
contgining the radioactivity was blown into the
operating area through the slug chute and the
solution addition lines.

Following the incident, the radiation levels in
the Raola building itself were too high to permit
enfrance for effective decontamination. Weork was
started after the short-lived activity was allowed
to decay for o period of ten days. Several other
Loboratery areas north of the Rala building were
also contaminated, principally with short-lived
iodine. Fortunately, the incident occurred during
the 4-12 shift, when these areas were not
occupied; by the use of emergency crews, most
of the contamingtion was cleaned up before per-
sonnel reported for work at 8:00 AM the next day.

The incident caused a great deal of incon-
venience in Laboratory opergtions and some lost
time, but there was no serious overexposure of
Laboratory personnel. The operators who were
in the most vulneroble position at the fime of the
accident were quick to recognize the hazaord and
to protect themselves, being well practiced be-
cause of the frequent use of the Ralo emergency
procedures,

As a result of this incident and of the frequent
hazords encountered in the production of the large
batches of Rala, Los Alomos was requested to
review its requirements and to reduce the number



and size of the batches requested, if possible,
An agreement was reached that the Laboratory
will oftempt no more double runs and that oniy
four runs per year will be made. It is believed
that the new schedule will substontially reduce
the operating hazards.

Direct pipe connections between the process
vesseis in the cells ond the operating orea (which
are considered by the Operations Division to be
obsolete design) were responsible for several
other backups of activity into the operatirig orea.
The most serious of these occurred during run
No. §5, in January, when activity bocked up to
the operating panel board through @ steam line
servicing a jet in cell A. While an ottempt was
being made to decontaminate the line with steam,
a small velve at the steam pressure goge failed
and activity wos blown into the operating area.
The building was contamingted, and twe operators
received some radiation overexposure — fortunately,
not ¢ serious amount.

General air contominotion that was experienced
through a large portion of the Laboratory on three
occasions during two of the three successful runs
was aftributed to the Rol.o operations; however,
there is a good possibility that some of this air
activity came from the experimental redctor area.
The condition was presumably caused by a high
discharge from the stack; in one case the caustic
line to the dissolver off-gos scrubber piugged,
and in another case, during an otmospheric in-
version, the scrubbers operated normally but not
effectively encugh.

EQUIPMENT

The equipment used for the production of Rala
has alwoys been operated far cbove its design
capacity; changes to allow for higher levels of
production were made only in the final purification
stages, ond they were inadequate for very large
batches. The last clterations in the final purifi-
cation equipment were made in order to produce
10,000-curie batches; however, before the equip-
ment was completed, a new goal of 30,000 curies
was set, gnd 50,000-curie batches were actually
produced, Operation ot these very high radiation
levels has materially increased the hazards, and
the equipment has dsteriocrated over o period of
years.

It wos decided several years ago that it would
not be practical to further aiter the equipment to
increase the capacity, end e proposal to build

new, adequate facilities was submitted to the
Atomic Energy Commission. However, it was
decided this year to buiid the new plant at Arco;
the new plent is expected to be in operation by
July 1, 1956, ond the existing Rala plant will
be permanently shut down ot that time.

Maintenance of the squipment has continued to
be difficuit and expensive. For long-term oper-
ations, it would be more practical to repiace or
to rebuild some parts than to moke the excessive
repairs that would be needed. However, since
the present plans are to produce only six more
batches, no replacement of equipment or rebuilding
will be done except where absolutely necessary.

The only major maintenance job undertaken this
year was to rebuild one of the cubicles which hold
the ion-exchange equipment, This was necessory
because of a leak in the product evaporator thermo-
couple well and the failure of the sampling valves.
The evaporator was replaced by one of a greater
capacity and of an improved design that permits
much closer control of the evaporation cperation,

The Rola equipment ot the present time is in
only fair condition. The cell A transfer lines
are known to have mony leaks, and the thermo-
couples in the dissolver have been inoperable
for years. Decontamination and repairs in this
cell cre inadvisable and will not be done unless
some major piece of equipment fails completely.
The high level of contamination on the concrefe
walls and floor would require the removal of o
lorge quantity of highly radioactive concrete, ond
it would be impossible to compliste the work fast
enough to meet the Los Alomos schedule. Also,
@ major decontamingtion job in this cell would
be very expensive and would require o great deal
of radigtion exposure to operating and maintenance
personnel, [t is hoped that this work con be
avoided, since Rala opergtions at the Laboratory
are to be permanently discontinued.

The main operating difficulties with the purifi-
cation equipment are the erratic operation and
the frequent failure of the sampling plug vaives;
both conditions are caused by the deterioration of
the Teflon seats,

it is believed that one more decontamination of
one of the cubicles wiil be required to complete
the last six runs scheduled at the Laboratory.

PROCESS IMPROVEMENTS

Several important chonges were made in the
process this year. One was the addition {to the
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Indeed, iz the previous successful rm, over 55,000 curies were shipped
in tvoc Datches. At the 30,000 curie lavel, this represents an incresse in
production of over 50 times the designed capacity of the plant! It is true
that the finishing secticn of the plant wes rebuilt in 1350 to incresse the
capacity to 10,000 curiss (immedistely incressed to 30,000 curies), but the
prizary dissclving and precipiteticn sections of the plant have never been

As & consequence of inadequate equipmemti capacity, it is necessary to
dissolve the mstal for these big runs in batches instead of all at one time,
% should be done. In sddition to this, time and corrosion have teken their
toll, and the tharmocouples in the dissolver have long since bean gome. Repeirs
are not possible because the cell cennot be entered, snd decomtamination would
te axtremely difficult because of the disintegrating, heavily contaminated
concrate valls and corroded, lesking equiyment.

The recent "fume-off” oocurred at the begimning of the addition of 60%

for the fourth dissolving of the pecond partion of the rum. It is believed
m@mmmmm-uhnmmmmmmtwmhy
absorpilon of its radiation during the waiting period (28 hours) between the
third and feurth &issolvings. ZThe varm uranium, the surfece previocusly
etiched by the other dissolvings, reacted vigorcusly with the nitric acid, and
gases vure given off in too grest & volume for the aff-gas systew to handle.

It is ot umasusl for warious kinds of mishaps to occur during Rals
rune, for the equipment is old and the dasign is that of the early days of
the Froject. Back-ups intc exterior lines snd contamination from saspling
and product removal sre frequent. Ths recent spreading of contasinstion was
umisuel in that gaseous radicectivity was releassd conteining short-lived
iodine which is abscrbed cn dust, slmost any kind of surfece, greess, oil,
paint; etc. Therefore, it was not possidle to linmit the spresd of contemination
tc the opersting tuilding itself.

It is fortumate that virtuslly all of the contaminating sctivity was
short-lived radioicdine, since the rapid decay halped during decemtaminstion
and radiolodine is not as taxic as gensral fission product mixtures. The
buildings snud grounds over which the gas passed were contaminated to give
redistion readings renging fram 0.5 to 20 mr/hr. and sveraging roughly
5 to 5 mr/or. As a comperison, the wuch mare videspread contaminatior witk
neptunium and general fission products from the Nevada bowb test fall-ocut
in March 1953 gave radiation readings of sbout 2 mr/hr. This comparison is
offered not to minimize the results of the receat Rala "fume-off,” but rather
o hring it intc 1ts tTus perspective.

It 1a not necesaary to cite the many statemeats sade to the AEC by the
Laboratary, urging that a nev Eale facility be built, either et ORXL or else-
whers, o the last letter to Carbide and Carbon Chsmicals Company iroo ine
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TASK 1 REPORT

July 1999 131| Releases from X-10 Radioactive Lanthanum Processing —
Page 4A-2 Atmospheric Dispersion/Radioiodine Chemistry

This page intentionally left blank



TASK 1 REPORT

31| Releases from X-10 Radioactive Lanthanum Processing — July 1999
Atmospheric Dispersion/Radioiodine Chemistry Page 4A-3
APPENDIX 4A

AIRFLOW PATTERNSAT THE OAK RIDGE RESERVATION
4-A.1 Air Flow Patternsat the Oak Ridge Reservation

The disperson of contaminants in the amosphere is influenced primarily by the prevaling
winds, meteorology, and terrain conditions. Some of the key factors influencing the atmospheric
disperson of contaminants from X-10 are presented here to provide an understanding of the
arflow paterns a the Oak Ridge Reservation. The discusson presented below is based on a
review of severa relevant documents (Holland, 1953; Gifford, 1953; Hanna et d., 1974; Nappo
et d., 1978; Eckman et ., 1992; Porch et al. 1991).

The Oak Ridge Reservation is dtuated in the Southern Appaachian Valey between the Greet
Smoky Mountains (1800 m MSL, maximum eevation) on the east and the Cumberland Plateau
(1000 m MSL, maximum elevation) on the west (Figure 4A.1). The orientation of the vdley is
northeast-southwest in the vicinity of the Oak Ridge Reservation, and the vdley floor dopes
gently from the northeast to the southwest.  Within the Southern Appaachian Valey, severd
gmdler ridges and valeys run pardld to esch other and to the larger valley. The Oak Ridge
Resarvation is located among these smaler ridges and valeys, where ridges rise to over 350 m
MSL, and the valley floors are at devations of 240 m MSL. The average distance between two
adjacent ridgesis roughly 1.6 km.

The influence of the topography on prevaling winds in the Oak Ridge Reservaion, particularly
for a mid-valey location conggent with the location of the X-10 ste within Bethd Valey, can
be cdealy seen in the wind roses (Figure 4-A.2). The predominant wind direction has clearly
shifted from a wedt-to-east orientation in the upper layers of the amosphere to southwest-to-
northeast and northeast-to-southwest directions in layers close to the surface. During the day, the
wind direction is predominantly up-valey, from southwest to northeest, and during the night, it
is predominantly down-valey, from northeast to southwest.
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General topography of the region surrounding Oak Ridge.

Figure 4-A.1
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500 m surface (~250 m)

Figure 4-A.2 Wind roses at different elevations above mean sea level for a mid-valley location within the Bethel Valley.
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The long, low ridges within the Oak Ridge Reservation are broken by severa narrow gaps (eg.,
the White Oak Gagp in Haw Ridge, which separates Bethe and Mdton Vdleys). The flow near
the White Oak Gap does not indicate that there is any exchange of ar between the two valleys.
During the day, flows from both sides converge a the gap, resulting in a flow that resembles the
up-dope characterigtics of typicd daytime flow aong the unbroken parts of Haw Ridge. During
the night, flow on the Bethe Valey sde of White Oak Gap resembles the downward drainage
flows on other unbroken parts of Haw Ridge. The flow paitern within Bethd Vdley in a vertica
extent of up to 100 m from the valey floors is summarized in the schematic of Figure 4-A.3.

A dudy of the annud average wind rose from a 10-m monitoring Sation in the middle of Bethd
Vdley (Figure 4-A4) reveds tha there is dways a dgnificant ar flow in a crossvaley
direction. These cross-valey flow components at lower devations represent the typica daytime
up-dope and nighttime down-dope flow characteristics. In other words, these cross-vdley
components may not necessaily trandate into flows from one valey to the next, consstent with
the schematic in Figure 4-A.5. However, it must be recognized that under conditions of low
wind speeds, cross-valey exchange of winds can occur over the ridges as indicated by the
experiments conducted by Gifford (1953).

Gifford (1953) andyzed a series of experiments in which neutrdly buoyant baloons were
released and tracked during day and night and under light and strong wind conditions. His study
indicated that under very light wind conditions, it is sometimes possble for a baloon reeased in
one vdley to rise aove the ridges and trave to the ground in an adjacent vdley with a
smultaneous equidistant downwind (dong-valey direction) transport.  However, there were
more cases in which the baloons would be caught in cross-valey, upper layer winds and trave
severd kilometers across severd valeys without any descent. These two observations suggest
that for locations of concern dong cross-vdley directions in vdleys adjacent to the Bethd
Vdley, wind-speeds with low magnitudes are more important than those with larger magnitudes
for the trangport of contaminants.

The cross-vdley exchange of ar a low wind speeds across the ridge tops is a sgnificant process
for the andyss of disperson across ridges.  Since the predominant direction of wind flow in
Bethe Vdley is dong the direction of the vdley orientation, the frequencies of winds in cross-
valey directions are lower than those for winds in the direction of valey orientation. However,
if these cross-vdley flows were dominaied by winds of low magnitude, the movement of
contaminants across the vdley would be very dow, resulting in higher concentrations of
contaminants aong this flow path.  Surface level winds in Figures 4A.2 and 4A .4 in the cross-
valey direction do seem to be dominated by winds of low magnitudes (up to a maximum of
about 3m s from Figure 4-A .4).
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Figure 4-A.3 Flow patterns within the valley-ridge region surrounding the radioactive lantanum processing facility.
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Figure 4-A.4 Annual wind rose for Tower C (at 10 m elevation) for 1993,
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Figure 4-A.5 Cross-valley component of the mid-valley flow.
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Because direct measurements a ridge-top levels from ridges adjacent to Bethd Vadley are not
avaldble, it is not dear how much of the mid-valey winds of low magnitudes in cross-vdley
directions would trandate into red cross-vdley flows Accurate quantification of the frequency
and speed of winds across the ridges would, therefore, be a very difficult exercise requiring the
edablishment of corrdations among meteorologicad parameters measured a  mid-valey, up-
dope, and ridge-top dations.  After the establishment of corrdations, a spatid and tempord
didgribution of the wind-field can be developed. However, such an exercise is clearly out of the
scope of this sudy. Furthermore, it was determined very early in this sudy that the uncertainties
in the estimates of doses and risks to individuas exposed to 3| are dominated by contributions
from processes other than the amospheric dispersion of 3! (eg., dose-response reationship,
internal dosmetry, and pasture-milk transfer coefficients). Therefore, it was decided to use an
amospheric disperson modd in this study that used the meteorology from a mid-vdley locaion
and vaidate the model using field data on releases and measured concentrations of 3!, The
results of the validation study, as shown in Section 4, clearly indicate that it was not necessary to
account explicitly in the modd for the effects of locd terrain features.
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APPENDIX 10A
THYROID CANCER INCIDENCE DATA

Exposure to radiation can increese a person’'s risk of getting thyroid cancer. Epidemiologica
evidence (Ron et a., 1995) shows that the increased risk of thyroid cancer depends on the
background incidence of thyroid cancer of the population of interest, the gender of the exposed
individua, and the age a the time of firs exposure. The "background incidence’ in his Sudy is
defined as the incidence in a population not exposed to ***| released from X-10.

This gppendix presents the thyroid cancer incidence data used in this study to estimate the excess
lifetime risk of cancer from exposure to ***I.  Section 10-A.1 summarizes the background cancer
incidence rates for the dtate of Tennessee.  Section 10-A.2 describes the derivation of the
"lifetime background” risk of thyroid cancer incidence, which is the quantity used to edimate the
excess "lifetime" risk of thyroid cancer for an exposed individua (Section 10.2).

The background incidence of cancer in Tennessee exhibits two important properties. (a) large
differences between people of different ethnic backgrounds, and (b) an increase with time during
the last two decades. Sections 10-A.3 and 10-A.4 investigate the effect of these two properties
on thefina risk estimates reported in this study.

Individuals living in the state of Tennessee between 1951 and 1958 were exposed to 3! from
nuclear wegpons testing performed at the Nevada Test Site (NTS). This exposure eevates their
background incidence of cancer. In this study, a comparison is provided between the risk of
cancer from exposure to 3!| rdleased from X-10 and the risk of cancer from exposure to
from NTS fdlout. To estimate the risk from exposure to NTS fdlout, the reported "background
incidence" must be corrected for the contribution of NTS fallout. Section 10-A.5 describes the
method used for this correction.

10A.1 Thyroid cancer incidencerates for the state of Tennessee

The age-specific thyroid cancer incidence rates for Tennessee were provided by the Tennessee
Department of Hedth in Nashville (Turri, 1998). These data are gender-specific, and they were
provided in three geographica groups (8 incidence rates for dl Tennessee counties (Table 10-
A.1), (b) incidence rates for Anderson, Roane, Loudon and Knox counties (Table 10-A.2), and
(¢) incidence rates for al counties in Tennessee other than Anderson, Roane, Loudon and Knox
(Table 10-A.3) The last data set was used for estimation of the background risk of thyroid
cancer because it is conddered to be specific for Tennessee areas while representing people that
most probably were not exposed to 3| released from the X-10 processing plant. Data were aso
separated by ethnic background into two categories (Tables 10-A.4 through 10-A.9): (&) whites,
and (b) other races. In Tennessee, the category "other races' is dominated by individuas of
African- American ethnic background.
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Table 10-A.1 Thyroid cancer incidence data (1988 to 1995) for people of al races resding in
the entire state of Tennessee (Turri, 1998).

FEMALES

Age Cases Population® Age-specific rate”
04 1 1343239 0.1
59 1 1,361,900 0.1
10-14 5 1361356 0.4
15-19 35 1442875 2.4
20-24 48 1493258 3.2
25-29 73 1625259 4.5
30-34 139 1,660,664 8.4
35-39 138 1,609,513 8.6
40-44 126 1,496,264 8.4
45-49 109 1,250,494 8.7
50-54 92 1086455 85
55-59 8l 995148 8.1
60-64 7S 46,657 7.9
65-69 0 905859 9.9
70-74 50 752,240 6.6
7579 44 633749 6.9
80-84 42 438173 9.6
85+ 24 368431 6.5
TOTAL 1173 20,771,534 5.6

MALES

04 1 1,407,329 0.1
59 1 1433174 0.1
10-14 2 1431410 0.1
1519 1 1524,739 0.1
20-24 8 1,486,906 0.5
25-29 27 1572468 1.7
30-34 37 1569621 24
35-39 31 1524145 2.0
40-44 A 1422288 2.4
45-49 37 1186734 31
50-54 47 1,006,636 4.7
55-59 31 882440 35
60-64 31 803538 39
65-69 28 714,163 39
70-74 23 535913 4.3
7579 20 385733 5.2
80-84 9 219069 4.1
85+ 7 137,466 51
TOTAL 375 19,243,772 1.9

& Population figures are cumulative over 8 years (1988 to 1995).
b per 100,000 per year.
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Table10-A.2 Thyroid cancer incidence data (1988 to 1995) for people of dl races resding in
Anderson, Roane, Loudon or Knox countiesin Tennessee (Turri, 1998).

FEMALES

Age Cases Populaion® Age-specific rate”
04 0 121686 0.0
59 0 124646 0.0
10-14 0 12781 0.0
15-19 3 140,737 2.1
20-24 6 155847 3.8
25-29 11 158567 6.9
30-34 17 164,111 104
35-39 20 161,14 12.4
40-44 9 151,206 6.0
45-49 10 126497 79
50-54 10 109,351 9.1
55-59 9 102613 8.8
60-64 11 101,703 10.8
65-69 13 99,415 13.1
70-74 6 80,648 7.4
7579 2 67,460 3.0
80-84 6 46,095 13.0
85+ 1 37,552 2.7
TOTAL 134 2,072,069 6.5

MALES

04 0 127229 0.0
59 0 129014 0.0
10-14 0 129187 0.0
15-19 0 146,073 0.0
20-24 1 158469 0.6
25-29 1 152329 0.7
30-34 5 156404 3.2
35-39 2 152,216 1.3
40-44 4 141904 2.8
45-49 6 120584 5.0
50-54 9 101,430 8.9
55-59 4 88,3818 4.5
60-64 2 83,861 24
65-69 2 75,865 2.6
70-74 1 55,631 1.8
7579 4 3B8,H5 10.3
80-84 1 21,643 4.6
85+ 2 12,434 16.1
TOTAL 44 1,892,036 2.3

& Population figures are cumulative over 8 years (1988 to 1995).
b per 100,000 per year.
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Table10-A.3 Thyroid cancer incidence data (1988 to 1995) for people of al races resding in
Tennessee counties other than Anderson, Roane, Loudon or Knox (Turri, 1998).

FEMALES

Age Cases Populaion® Age-specific rate”
04 1 1221553 0.1
59 1 1237254 0.1
10-14 5 1238575 0.4
15-19 32 1,302,138 2.5
20-24 42 1337411 3.1
25-29 62 1,466,692 4.2
30-34 122 1,496,553 8.2
35-39 118 1,448,359 8.1
40-44 117 1,345,058 8.7
45-49 99 1,123997 8.8
50-54 82 977,104 8.4
55-59 72 892535 8.1
60-64 64 844,954 7.6
65-69 77 806,444 9.5
70-74 44 671,592 6.6
7579 42 566,289 7.4
80-84 36 392078 9.2
85+ 23 330879 7.0
TOTAL 1039 18,699,465 5.6

MALES

04 1 1,280,100 0.1
59 1 1,304,160 0.1
10-14 2 1302223 0.2
1519 1 1,378,666 0.1
20-24 7 1328437 0.5
25-29 26 1,420,139 1.8
304 32 1413217 2.3
35-39 29 1,371,929 2.1
40-44 30 1,280,334 2.3
45-49 31 1,066,150 2.9
50-54 38 905206 4.2
55-59 27 793622 34
60-64 29 719677 4.0
65-69 26 638,298 4.1
70-74 22 480,282 4.6
75-79 16 346,788 4.6
80-84 8 197,426 4.1
85+ 5 125032 4.0
TOTAL 331 17,351,736 1.9

& Population figures are cumulative over 8 years (1988 to 1995).
b per 100,000 per year.
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Table10-A.4 Thyroid cancer incidence data (1988 to 1995) for white people residing in the
entire Sate of Tennessee (Turri, 1998).

FEMALESWHITE
Age Cases Population® Age-specific rate”

0-4 1 1029505 0.1
59 1 1056941 0.1
10-14 5 1062538 0.5
15-19 35 1137105 3.1
20-24 48 1188611 4.0
25-29 71 1312434 5.4
30-34 138 1343990 10.3
35-39 138 1318069 10.5
40-44 126 1258719 10
45-49 107 1069860 10
50-54 91 936518 9.7
55-59 80 865909 9.2
60-64 75 827761 9.1
65-69 88 795065 111
70-74 S0 660648 7.6
7579 44 556258 7.9
80-84 42 385588 10.9
85+ 23 324004 7.1
TOTAL 1163 17,129,523 6.8
MALES-WHITE

0-4 1 1083362 0.1
59 1 1117526 0.1
10-14 2 1123466 0.2
1519 1 1213367 0.1
20-24 7 1204816 0.6
25-29 27 1301752 2.1
30-34 37 1312547 2.8
35-39 31 1289631 24
40-44 32 1229105 2.6
45-49 37 1043617 3.5
50-54 46 891205 5.2
55-59 31 788907 3.9
60-64 31 719272 4.3
65-69 28 638364 4.4
70-74 22 476731 4.6
7579 20 3400901 59
80-84 9 190639 4.7
85+ 6 116854 5.1
TOTAL 369 16,081,252 2.3

& Population figures are cumulative over 8 years (1988 to 1995).
b per 100,000 per year.
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Table10-A.5 Thyroid cancer incidence data (1988 to 1995) for white people resding in
Anderson, Roane, Loudon or Knox counties in Tennessee (Turri, 1998).

FEMALESWHITE
Age Cases Population® Age-specific rate”

0-4 107837
59 110210
10-14 109185
15-19 3 125086 24
20-24 6 139668 4.3
25-29 10 143580 7
30-34 17 148556 114
35-39 20 146912 13.6
40-44 9 139080 6.5
45-49 9 117375 7.7
50-54 10 101685 9.8
55-59 9 96408 9.3
60-64 11 95497 115
65-69 13 93575 13.9
70-74 6 75697 7.9
7579 2 63232 3.2
80-84 6 43162 13.9
85+ 1 35395 2.8
TOTAL 132 1,892,140 7.0
MALESWHITE
0-4 113129
59 114546
10-14 114909
1519 129987
20-24 1 142756 0.7
25-29 1 139636 0.7
30-34 5 143656 35
35-39 2 141064 14
40-44 3 132540 2.3
45-49 6 112784 5.3
50-54 9 95706 9.4
55-59 4 83991 4.8
60-64 2 79721 2.5
65-69 2 71969 2.8
70-74 1 52719 1.9
7579 4 36625 10.9
80-84 1 20208 4.9
85+ 1 11458 8.7
TOTAL 42 1,737,404 2.4

& Population figures are cumulative over 8 years (1988 to 1995).
b per 100,000 per year.
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Table10-A.6 Thyroid cancer incidence data (1988 to 1995) for white people redding in
Tennessee counties other than Anderson, Roane, Loudon or Knox counties (Turri,

1998).
FEMALES-WHITE

Age Cases Populaion® Age-specific rate”
04 1 921668 0.1
59 1 946731 0.1
10-14 5 953353 0.5
15-19 32 1012019 3.2
20-24 42 1048943 4.0
25-29 61 11688%4 52
30-34 121 1195434 10.1
35-39 118 1171157 10.1
40-44 117 1119639 104
45-49 98 952485 10.3
50-54 81 834833 9.7
55-59 71 769501 9.2
60-64 64 732264 8.7
65-69 16 701490 10.7
70-74 44 584951 7.5
7579 42 493026 8.5
80-84 36 342426 105
85+ 22 288609 7.6
TOTAL 1031 15,237,383 6.8

MALESWHITE
04 1 970233 0.1
59 1 1002980 0.1
10-14 2 1008557 0.2
15-19 1 1083380 0.1
20-24 6 1062060 0.6
25-29 26 1162116 2.2
30-34 32 1168891 2.7
35-39 29 1148567 25
40-44 29 1096565 2.6
45-49 31 930833 3.3
50-54 37 795499 4.7
55-59 27 704916 3.8
60-64 29 639551 45
65-69 26 566395 4.6
70-74 21 424012 5

7579 16 303466 53
80-84 8 170431 4.7
85+ 5 105396 4.7
TOTAL 327 14,343,848 2.3

& Population figures are cumul ative over 8 years (1988 to 1995).

b per 100,000 per year.
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Table10-A.7 Thyroid cancer incidence data (1988 to 1995) for people of other races than white
resding in the entire state of Tennessee (Turri, 1998).

FEMALES - Other races
Age Cases Population® Age-specific rate”

04 313734
59 304959
10-14 298818
15-19 305770
20-24 304647
25-29 2 312825 0.6
30-34 1 316674 0.3
35-39 291444
40-44 237545
45-49 2 180634 11
50-54 1 149937 0.7
55-59 1 129239 0.8
60-64 118896
65-69 2 110794 1.8
70-74 91592
75-79 77491
80-84 52585
85+ 1 44427 2.3
TOTAL 10 3,642,011 0.3
MALES - Other races
04 323967
59 315648
10-14 307944
15-19 311372
20-24 1 282090 0.4
25-29 270716
30-34 257074
35-39 234514
40-44 2 193183 1
45-49 143117
50-54 1 115431 0.9
55-59 93533
60-64 84266
65-69 75799
70-74 1 59182 1.7
75-79 45642
80-84 28430
85+ 1 20612 49
TOTAL 6 3,162,520 0.2

& Population figures are cumulative over 8 years (1988 to 1995).
b per 100,000 per year.
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Table 10-A.8 Thyroid cancer incidence data (1988 to 1995) for people of other races than white

resding in Anderson, Roane, Loudon or Knox counties in Tennessee (Turri,
1998).

FEMALES - Other races
Age Cases Population® Age-specific rate”

04 13849
59 14436
10-14 13596
15-19 15651
20-24 16179
25-29 1 14987 6.7
30-34 15555
35-39 14242
40-44 12126
45-49 1 9122 11
50-54 7666
55-59 6205
60-64 6206
65-69 5840
70-74 4951
75-79 4228
80-84 2933
85+ 2157
TOTAL 2 179,929 1.1
MALES - Other races
04 14100
59 14468
10-14 14278
15-19 16086
20-24 15713
25-29 12693
30-34 12748
35-39 11152
40-44 1 9364 10.7
45-49 7800
50-54 5724
55-59 4827
60-64 4140
65-69 3896
70-74 2912
75-79 2320
80-84 1435
85+ 1 976 102.5
TOTAL 2 154,632 1.3

& Popul ation figures are cumul ative over 8 years (1988 to 1995).
b per 100,000 per year.



TASK 1 REPORT

July 1999 131} Releases from X-10 Radioactive Lanthanum Processing —
Page 10A-12 Thyroid Cancer Incidence Data

Table10-A.9 Thyroid cancer incidence data (1988 to 1995) for people of other races than white
resding in Tennessee counties other than Anderson, Roane, Loudon or Knox
counties (Turri, 1998).

FEMALES - Other races
Age Cases Population® Age-specific rate”

0-4 299885
59 290523
10-14 285222
15-19 290119
20-24 288468
25-29 1 297838 0.3
30-34 1 301119 0.3
35-39 277202
40-44 225419
45-49 1 171512 0.6
50-54 1 142271 0.7
55-59 1 123034 0.8
60-64 112690
65-69 2 10494 1.9
70-74 86641
75-79 73263
80-84 49652
85+ 1 42270 2.4
TOTAL 8 3,462,082 0.2
MALES - Other races
0-4 309867
59 301180
10-14 293666
15-19 295286
20-24 1 266377 0.4
25-29 258023
30-34 244326
35-39 223362
40-44 1 183819 0.5
45-49 135317
50-54 1 109707 0.9
55-59 88706
60-64 80126
65-69 71903
70-74 1 56270 1.8
75-79 43322
80-84 26995
85+ 19636
TOTAL 4 3,007,888 0.1

& Popul ation figures are cumul ative over 8 years (1988 to 1995).
b per 100,000 per year.
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The differences in the risk edimates between the ethnic groups of AfricanAmericans and
European-Americans may be due to possble different dose-response relaionships, as well as to
different background incidence rates of thyroid cancer (Equation 10.1). To date, there is no
edtablished radiation dose - thyroid cancer reationship for AfricanrAmericans. If the avaladle
dose-response relationship (Ron et d., 1995) is valid for both blacks and whites, the differences
in the risk estimates will be due only to the differences in the background incidence rates.

10A.2 Derivation of the lifetime " background" risk of thyroid cancer incidence

An individud of age "i" has a basdine risk of getting thyroid cancer during his or her remaining
life. This basdine risk is cdled "lifetime background risk,” and it depends on the age "i," and on
the life expectancy of the individud. In this dudy, the exposed individud is an average
individud having an average lifetime of 70 years. Also, by definition, the individud has no
thyroid cancer at age'i."

Thelifetime background risk of thyroid cancer for an individua can be estimated as follows:

In the case of exposure to radiation at age 'i"

Let Ry, k be the incidence rate of thyroid cancer for a nonirrediated population of age k (new cases
per 100,000 per year); this quantity is known as the background risk of thyroid cancer. Let Ry i
be the excess incidence rate of thyroid cancer for a population of age k exposed to a dose D a
age i; tha is, Ryk; represents the excess incidence rate produced by the radiation only (new cases
per 100,000 per year). The totd incidence rate of thyroid cancer R for a population of age k is

given by
R =Rkt R,

For an individua exposed to a dose D at age i, the probability of surviving through age k without
athyroid cancer can be expressed as.

L, = L, {1- R xDt) k=i+1i+2,..

To attain age k without acquiring a thyroid cancer means ataining age k-1 with no thyroid cancer
(Lk-1) and getting no cancer in year k. The individud is assumed to have had no thyroid cancer
before the age i when exposure takes place, thus Lj = 1. The time step for which incidence of
thyroid cancer is detected isDt = 1 yr.

For an individua exposed to a dose D a age i, the probability of acquiring a thyroid cancer at
age k, for any reason, can be expressed as

T, = L. (R xDt) k=i+1,i+2,...

Moreover, for the same individud, the probability of acquiring a radiation-induced thyroid
cancer a agek is

TR, = L, X R, *Dt) k=i+1i+2,...
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Thus, the lifetime probability of acquiring a radiation-induced thyroid cancer (or the excess
lifetime rik (ELR) of thyroid cancer for an individua exposed to a dose D a agei) can be
written as

max age

ELR(D,) = é Lo Ry >Ot)
e (Eq.10-A.1)

max age

=Bl Rl e RODR, 00

The risk of acquiring thyroid cancer from exposure to a radiation dose D can be expressed by a
linear relative modd (Ron et d., 1995)

R=R,xh=R X1+ b xD)

where
R = total risk;
Ry = background risk;
h = dose-response function;
b = excess relative risk per unit dose; and
D = radiation dose.

Using thismodd, one can identify
R-Ry = the excess (absolute) risk (EAR)
(R-Ry)/Ry = the excessrelative risk (ERR)
b = (RRy)/(Ry D) = the excessrelative risk per unit dose.

Further, assuming a linear dependence of the dose-response function, the incidence rate of
radiation-induced thyroid cancer can be written as:

R, =0 for i Ek<i+5
=R, xb, xD, for k3 i+5

This expresson is based on experimenta evidence (Ron et d., 1995) suggesting that (a) there is
no observed effect in the first 5 years after the exposure, and (b) the radiaion-induced thyroid
cancer rate is proportiona to the exposure dose (D) and to the background rate (R, i) a the age
of interest (k). The proportiondity constant (0) is assumed to depend only on the age a exposure
().
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The excess lifdime risk (ELR) of thyroid cancer after an exposure & age i can be computed
usng Equaion 10-A.1. The tems (1-R{X) are less than but very close to 1, because the
incidence rates R, are less than 10°2 per year. Thus, agood approximation for estimating ELR s

lifime lifetime
ELR(D)) @3 (R, *Dt) = § (Ry, xb, XD, xDt)
- lifetime - (Eq10-A.2)
=b XD, x é (Rok xDt) = b, XD, xB,
k=i

where B = thelifetime background risk of thyroid cancer from an exposure & agei.

Equation 10-A.2 will dways indicte a larger risk than equation 10-A.1, but the reaive
difference is less than 10% for doses of about 500 rad, and less than 1% for doses of about 50
rad.

From Equation 10-A.2, the quantity B (cdled "lifetime background risk of thyroid cancer™) is
cdculated as

B, = ”ETRM <Dt (Eq.10-A.3)
k=i

where Ry k= the age-specific thyroid cancer incidence rate for age "k."

In the absence of exposure to radiation

In this case, the lifetime risk of acquiring (thyroid) cancer for an individud a age i is given by
the probability of ataining age 1 without contracting a cancer (or dying from some other cause),
and by the probability of contracting cancer in the yearsfollowing age i.

3
Q

98]
I
|—<'D

k-1 X(Rk th)
(Eq.10-A.4)

3

ge

{1f1- ROO{L- R, >0t x.f1- R, XD xR, >0t

2 2
ol T Qg

=

Again, the terms (1-RX) are less than but very close to 1, because the incidence rates R¢ are less
than 102 per year. Thus an gpproximation of the lifetime risk of acquiring cancer from naturd
causesfor anindividud of agei is

lifetime lifetimy
B = & (R0U)= & R, ) (Eq10-A 5

k=i k=i
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In thiscase, Rk = Ry, « because no exposure to radiation occurred. Equations 10-A.3 and 10-A.5
areidenticd.

10A.3 I nfluence of ethnic background on the estimates of thyroid cancer risk

The racid differences in the thyroid risk estimates (if any) are given by possble different dose-
response relationships and by different background incidence rates of thyroid cancer (Equation
10.1) between blacks and whites. To date, there is no dose-response relationship determined for
thyroid cancer in blacks. Assuming that the avalable dose-response relaionship (Ron et 4.,
1995) would apply the same to both blacks and whites, the differences in the risk estimates will
be due only to the differencesin the background incidence rates.

Data collected across the United States (Figure 10-A.1) show that blacks have a lower incidence
of thyroid cancer than do whites. This difference seems to be more pronounced for people in the
date of Tennessee. However, when andyzing the gatigtics for blacks in the sate of Tennessee,
one must keep in mind the very low number of observed cases between 1988 and 1995: 6 for
maes and 10 femaes over the entire gate, including 4 for maes and 8 for femaes in al counties
in Tennessee other than Anderson, Roane, Loudon and Knox counties (Tables 10-A.4 through
10-A.9; Figure 10-A.2).

Because of the low number of thyroid cancer cases for blacks, a "lifetime" background incidence
of cancer @), cannot be estimated. However, this quantity can be estimated for whites only, and
then compared to the estimate for a population formed of al races (currently used to produce the
risk estimates presented in this report). The estimates are made using the method presented in
Section 10-A.2. The background for whites is larger than the background for al races combined
by about 18 to 19% for femdes and by 14% for mdes. That is, if risk estimates were produced
for the white population only, the current risk estimates would increase by 19% for femaes and
by 14% for males.

Snce the "lifetime’ background incidence of cancer cannot be edtimated for blacks, a rough
edimate of the change in the risk esimate can be obtained using the totad number of people in
the area of interest (i.e, dl counties in Tennessee other than Anderson, Roane, Loudon and
Knox). For femades, these numbers (summed from 1988 to 1995) are (&) 15,237,383 white
femdes, (b) 3,462,082 black females, and (c) 18,699,465 femaes of al races. Given that the
background for white femdes is larger by only 19% than the background for femaes dl races
(461 ~ 10 versus 3.88 © 10'%), the background for black females must be about 16 times lower
than the background for femades of al races combined. That is the risk estimates for black
femaes should be a factor of 16 lower than the risk estimates for femaes of al races reported in
this study.
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Figure 10-A.1 Influence of ethnic background on the incidence of thyroid cancer in the United States.

Sources: (*) SEER program of the National Cancer Institute; Reporting period 1988 - 1992
(Miller et al., 1996); and (**) Tennessee Dept. of Health; Reporting period 1988-1995
(Turri, 1998).
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Similarly, in the region of interest, there are (a) 14,343,848 white mdes, (b) 3,007,888 black
maes, and (¢) 17,351,736 mades of dl races (population numbers are summed from 1988 to
1995). Given that the background for white maes is larger by only 14% than the background for
males of al races combined (1.6 ~ 103 versus 1.4 ~ 10°3), the background for black males must
be about 28 times lower than the background for maes of dl races. That is, the risk estimates
for black maes should be a factor of 28 lower than the risk estimates for males of al races
reported in this study.

10A.4 Effect on therisk estimates of the changesin background incidence of thyroid
cancer over thelast few decades

In the state of Tennessee, a systematic collection of data on thyroid cancer incidence has been
performed only since the late 1980s. However, the incidence of thyroid cancer has been
followed up for many years in sdected regions of the United States under the Survallance,
Epidemiology, and End Results (SEER) Program of the Nationd Cancer Inditute. Data have
been collected on a routine basis from 9 designated population-based cancer registries since
1973. The nine "gandard" regidries are the states of Connecticut, lowa, New Mexico, Utah, and
Hawaii and the metropolitan areas of Detroit, San Francisco, Sesttle-Puget Sound, and Atlanta.

These data show that the thyroid cancer incidence rates increase with time (Figure 10-A.3).
During 1973-1995, the rate of increase is about 10.7% per year for white femaes, but only 0.3%
for black women. For maes the rate of increase is about 3.4% per year for whites and 1.5% per
year for blacks. This finding is very important for the understanding of the differences between
individuas of different ethnic backgrounds. If the incressng trend were due only to the
improvement of hedth care and cancer reporting systems, then the trend should be about the
same for both blacks and whites. The large difference between the increasing background rates
isan indication that there may be true ethnic differences in cancer risk induction.

If the thyroid cancer incidence varies with time, the risk estimates produced in this sudy (which
are based on 1988-1995 datad) might be biased. Therefore, the effect of the variation in incidence
rates must be andyzed. For smplicity, let us make the following assumptions:

a) the incidence rates change by a congtant amount every year; that is, the rate of change is
congtant over time.

b) the same rate of change gpplies to dl age groups. That is, if the incidence rate for age group
k is larger in one year than in the previous year by a certain amount, then this amount is the
samefor dl age groups.

c) If, in a given year, the incidence rate for the age group k is Ry, i then the incidence rate for
the same age group n years later is Ry «k (1+a n), where a is the rae of change in the
incidence rate [per year].
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Figure 10-A.3  Increase in the thyroid cancer incidence rates in the United States as
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Teking the above assumptions into account, the excess lifetime risk of thyroid cancer in Equation
10-A.2 can be modified to

ELR(D,) @8 (R, X0) = by D, x & (R,, {1+a)01) = by »D, 58 *

k=i k=i+5
and the new (adjusted) lifetime background risk of thyroid cancer (Bi*) will be given by:

lifetim lifetim lifetim,

B = & R, Al+am)0t)= & (R, 0t)+axy (R, )

k=i+5 k=i+5 k=i +5

If an individual is exposed & age i, and he or she is of age k a the moment of the data collection
(k > 1), there are (k - i) years that have passed from the moment of exposure to the moment of the
data collection. If the incidence rate data (Ryx) are avalable for the year of exposure
(corresponding to age i of the individud), then the parameter n in the previous equaion should
besetton= (k-i).

If the incidence rate data Ry k) are available for another year (e.g., when the individud is of age
m, m > k > i), then parameter n in the previous equation must be st to n = ((m-i)-k) > O; that is,
n' must be set back to estimate the incidence rate in the year when the individua was of ageii.

In this study, the incidence rates of thyroid cancer are available for the 1988-1995 reporting
period (Turri, 1998). Exposures to *3!| released from X-10 took place from 1944 to 1956. Thus,
there is a difference (m-i) of about 40 years from the exposure period to the period when the
incidence rates are available.

The rate of change @) in the incidence rates is unknown for the 1950 - 1990 period. Rates of
change (@) are available for 1973 - 1995 period: 10.7% y* for white females, 0.3% y* for black
femaes, 3.4% for white maes, and 1.5% for black maes (Figure 10-A.3).

The edimates of the excess lifetime risk in the case of a congtant background (Bj) were then
compared to the estimates of the excess lifetime risk for the case when background is changing
(B*). For the latter case, the rate of change in the background @) was dlowed to vary between
0.3% y* and 10.7% y*. In both casss, the background cancer incidence rates for femaes in dll
Tennessee counties other than Anderson, Roane, Loudon or Knox counties (Table 10-A.2) were
used as a dating point. The comparison is peformed in a rdaive manner:  [(B*-B)/(B)],
expressed in percent.

The reaults of this analysis are presented in Table 10-A.10. The table should be read in the
following manner: If the rate of change in the background incidence of cancer was 0.3% y* for
the entire period from 1950 to 1990, then the current excess lifetime risk estimates will decrease
by 0.1% for an individual born in 1950, by 0.3% for an individua of age 10 in 1950, and so on.

! Notethat, in the actual calculation, parameter n istaken to be negative, since the incidence rates are calculated at a
past moment in time, when they should be lower.



TASK 1 REPORT

July 1999 131} Releases from X-10 Radioactive Lanthanum Processing —
Page 10A-22 Thyroid Cancer Incidence Data

Table10-A.10 The effects of change with time of the background incidence of cancer on the
current estimates of the excess lifetime risk of thyroid cancer.

Rdative change [%0]
Varidion rate in the background
year of birth age(ie:]t %ggiure [% per year]
030%  15% 34%  10.7%
1950 0 -01% -0.2% 0.3% 2.4%
1940 10 -03% -17% -39% -10.8%
1930 20 -05% -25%  -56% -17.5%

By implementing the variation with time of the background cancer incidence, the changes in the
risk estimates will be very smal (<5%) in most cases. For the case when the rate of change in
the incidence rate is 3.4% and is congtant for 60 years, the estimated risks will decrease by 5.6%.
When the rate of change in the incidence rate was set to 10.7%, the estimated bias in the risk
estimate increased up to 18%. However, a rate of 10.7% per year was observed for white
femdes only, and it does not apply for mixed races or for maes. Also, it is unlikdy that the rate
of change is 10.7% for every year, because, starting with the incidence rates in the 1990s, the
estimated incidence rates for the 1940s would approach zero.

Therefore, we conclude that dthough the incidence of thyroid cancer increases with time, this
increasing trend has practicaly no effect on the risk estimates based on the data for 1988-1995.
An explandion for this behavior is illugraed in Figure 10-A.4. Our lifetime risk edimates are
produced assuming an average life expectancy of 70 years. A person born in 1950 will be 40
years of age in 1990, and thus will have, on average, 30 more years to live (until year 2020).
Assuming that the incidence rate of thyroid cancer increased continuoudy for the entire period
between 1950 and 2020, the value of the incidence rate measured in 1990 will overestimate the
vaues for the 1950-1990 period, but will underestimate the values for 1990-2020 period. Thus,
the overdl bias in the edimaes of totd lifetime risk is negligible. If, for ingance, the incidence
rate were measured in year 2010, and if the same trend is maintained, then a dggnificant
overestimate of risk would be obtained by using those incidence rates.

In concluson, in the risk edimates produced in this study, it is not necessary to account
explicitly for the variaion with time of the incidence of thyroid cancer.
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10A.5 Correction of the lifetime "background" risk of thyroid cancer incidence for the
contribution from the Nevada Test Site Fallout

The problem of correcting the cancer incidence rate observed in the 1990s for the contribution
from cases induced by NTS fdlout is conceptudly smple. Assuming a linear reative modd, the
incidence rate measured in the 1990sis

R=R,x=R, X1+ b xD),

R = the cancer incidence rate including the contribution from cases induced by the NTS
falout (i.e, the current observed values presented in Section 10-A.1);

Ry = the cancer incidence rate in the absence of NTSfallout;
h = thedose-response function;
b = theexcessrdativerisk per unit dose for *3I; and

D the radiation dose from NTS falout.

To correct for the contribution of NTS fdlout to the background incidence of cancer as observed
in the 1990s, one must determine Ry from the previous equation. That is,

__R
RO_(1+b><D)

However, the problem becomes very complicated because NTS fdlout occurred over 8 years
(1951 © 1958), and the 1990s incidence rates were aso collected over 8 years (1988 to 1995).
Given this gtuation, one must take into account the age dependency of the excess rdative risk
per unit dose (b) and the year in which the exposed individua was born.

Individuas of certain ages diagnosed in any year between 1988-1995 have an increased risk of
thyroid cancer from exposure to NTS falout. This increased risk can be estimated in terms of an
excess rdaive risk (ERR) from the thyroid doses received in the 1950s due to NTS fdlouit.

1958 1958 --
ERR(agel, year) = a a M%@(ag@)@(ib,ir)

ibirtt=1935  ifallou1951 € d
where
year = Yyear when cancer incidence is detected (1988 through 1995);
age; = ageintheyear of incidence detection (it varies from 30 to 60 years);
ibirth = year of birth for people exposed as children to NTS fallout (1935-1958);
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ifallout = vyear of fdlout from NTS (1951-1958);
ib = ibirth-1934 (counter for the year of birth);
ir = ifallout-1950 (counter for the year of falout);
D(ib,jir) = thyroid dose for an individua born in year "ibirth" from exposure to NTS
fdlout in year 'ifallout™”;
age; = ifallout-ibirth+1 (counter for the age during a given year of fdlout; it must be
larger than zero);

ERR(age;) = excess rdative risk per unit dose for an individud of age "age)", from
epidemiologica studies of children exposed to X- and gammarays,

elage;) = modifier for the ERR(age,) for anindividud of age "age,"; ad
d = 131 effectiveness factor (Section 10).

Averaging over dl years of detection (8 years) and over dl ages in an age group of the
epidemiological data (5 years), one obtains

l 1895
ERR(age) =- Q ERR(age, year)

year =1988

age+5
ad RR(age group) =1+% A ERR(age))

age,

The corrected incidence rate (CIR) for a given age group is determined as a function of the
observed incidence rate (IR):

CIR(agegroup) = IR(agegroup) / RR(agegroup)

This approach was applied for the femaes exposed during 1951-1958. The estimated thyroid
doses recaived by femdes living in Anderson County, Tennessee, who were on an average diet
of milk are presented in Table 10-A.11. The measured (Table 10-A.3) and the corrected thyroid
cancer incidence rates are presented in Table 10-A.12 and in Figure 10-A 5.

The corrected incidence rates must then be integrated by usng Equation 10-A.3 to obtain a
corrected "lifetime’ background incidence of thyroid cancer. The overdl impact in the risk
edimates is obtained by comparing the origind and the corrected lifetime background of thyroid
cancer incidence (Figures 10-A.5 and 10-A.6).

The difference between the two lifetime backgrounds is less than 6% (Figures 10-A.5 and 10-
A.6; Table 10-A.12). That is, the contribution of NTS fdlout in changing the background
incidence of cancer produces a negligible impact on the lifetime risk estimates produced in this

study.
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Table 10-A.11 Thyroid doses from !l in Nevada Test Site fdlout for femdes living in Anderson Co., Tennessee, who had average
consumption of cow's milk (NCI, 1997).

year of year of birth
Nuclear Test Series release 1935 1936 1937 1938 1939 1940 1941 1942

Ranger (28 Jan 1951 - 6 Feb 1951) and Buster-Jangle (28 Oct. 1951- 29 Nov. 1951) 1951 0015 0015 002 002 002 002 002 0026
Tumbler-Snapper (L Apr. 1952-5Jun1952) 1952 033 033 033 045 045 045 045 045
Upshot-Knothole (15 Mar 1953-4Jun1953) 1953 037 037 037 037 05 05 05 05
NoTests 1954 00 00 00 00 00 00 00 00
Teapot (18 Feb1955- 15May 1955) 1955 014 035 035 035 035 035 046 046
NoTests 1956 00 00 00 00 00 00 00 00
Plumbbob (28 May 1957 -70ct1957) 1957 02 02 02 047 047 047 047 047
Hardtrack Phase 1 (19 Sep 1958-260ct1958) 1958 00 00 00 00 00 00 00 00

Nuclear Test Series 1943 1944 1945 1946 1947 1948 1949 1950

Ranger (28 Jan 1951 - 6 Feb 1951) and Buster-Jangle (28 Oct. 1951 - 29 Nov. 1951) 1951 0026 0026 0026 0026 0026 0.036 0036 0.036
Tumbler-Snapper (1 Apr. 1952-5Jun 1952) 1952 066 066 066 066 066 066 094 0%

Upshot-Knothole (15 Mar 1953 - 4 Jun 1953) 1953 05 07 07 07 07 07 07 10

NoTests 1954 00 00O 00 o000 00 00 00 00

Teapot (18 Feb 1955 - 15May 1955) 1955 046 046 046 066 066 066 066 066

NoTests 1956 00 00O 00 o00 00 00 00 00

Plumbbob (28 May 1957 - 7 Oct 1957) 1957 064 064 064 064 064 09 09 09

Hardtrack Phase Il (19 Sep 1958 - 26 Oct 1958) 1958 00 00O 00 o000 00 00 00 00
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Table 10-A.11 (continued)
year of year of birth
Nuclear Test Series release 1951 1952 1953 1954 1955 1956 1957 1958
Ranger (28 Jan 1951 - 6 Feb 1951) and Buster-Jangle (28 Oct. 1951 - 29 Nov. 1951) 1951 0.058
Tumbler-Snapper (1 Apr. 1952 -5Jun1952) 1952 04 19
Upshot-Knothole (15 Mar 1953 - 4 Jun 1953) 1953 10 10 21
NoTests 1954 00 00 00 OO0
Teapot (18 Feb 1955 - 15 May 1955) 1955 066 09 09% 09% 20
NoTests 1956 00 00 00 O00 OO0 OO0
Plumbbob (28 May 1957 - 7 Oct 1957) 1957 09 09 09 13 13 13 26
Hardtrack Phase Il (19 Sep 1958 - 26 Oct 1958) 1958 00 00O 00 o000 00 O00 00 00
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Table 10-A.12 Comparison between the thyroid cancer incidence rates observed during 1988-
1995 in Tennessee and the thyroid cancer incidence rates corrected for the
contribution of NTSfdlout.®

age-group Observed Corrected
incidence  incidence

rates rates

0-4 0.1 0.1

59 0.1 01

10-14 0.4 04

15-19 25 2.5

20-24 31 31

25-29 4.2 4.2

30-34 8.2 8.1

35-39 8.1 7.9 Age groups
40-44 8.7 8.0 affected by
45-49 88 73 correction for
50-54 8.4 7.0 NTSfalout
55-59 8.1 7.4

60-64 7.6 7.6

65-69 9.5 9.5

70-74 6.6 6.6

7579 7.4 74

80-84 9.2 9.2

85+ 7.0 7.0

@Age groups affected by correction for NTS fallout include 30-34, 35-39, 40-44,
45-49, 50-54, and 55-59.
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APPENDIX 11A: RATIONALE FOR LOCATIONS AND EXPOSURE PATHWAYS

The location of individuals exposed to **| releases from X-10 due to Rala operations is an important
element of the dose recongtruction for Task 1. Each exposure pathway must be evauated with respect

to specific population dlusters that might have been affected. For **'1, the primary human exposure
pathways consdered in this andyss are direct inhdaion; ingesion of milk (backyard cow's,
commercia, and goat’s), cottage cheese, and meat from cattle grazing on contaminated pasture grass,
ingestion of eggs, ingestion of leafy vegetables, and ingestion of breast milk. The period of interest for
the andlysis of the loca population described here spans from 1944 to 1956. Figure 11.1 presents the
locations within a 38-km circle around the Rala processing fecility a which doses and risks were
evaluated. The rationalesfor the choice of these locations are provided below.

The milk and mesat exposure pathways generdly affected the same popul ations because most rurd farms
in Anderson, Blount, Knox, Loudon, Morgan, and Roane counties raised both beef and dairy cattle
(Wdller,1996; Stokes, 1996; Prichard, 1997; Clark, 1997; Harkins, 1998; Lowe, 1997; Hackett,
1998; Hudson, 1998; Zirkle, 1996; Wade, 1996; Idom, 1997; Jenkins, 1997; Mickey, 1996). If
backyard cows were present, cottage cheese could have been produced and consumed; therefore the
cottage cheese pathway is consdered for the same locations as the backyard cow. The egg
consumption and vegetable consumption pathways were also consdered for these same locations due
to the high probability that each farm raised afew chickens and a vegetable garden. Al locations were
consdered for the inhadation, commercia milk, and breast milk pathways. Goat’s milk was consdered
for those areas where confirmed usage existed as well as for those areas that were predominantly rurd
and agricultural. This study included various locations in Oak Ridge (Woodland, Scarboro, Oak Ridge
High School, and East Fork Poplar Creek), Norwood, Oliver Springs, Jonesville, Dyllis, Wartburg,
Oakdae, Harriman, Rockwood, Sugar Grove, Lawnville, Kingston, Barnardsville, Bradbury, Hines
Valey Community, Lenoir City, Loudon, Sweetwater, Hope Creek Community, Greenback,
Friendsville, Louisville, Maryville, Rockford, Farragut, Cedar Bluff, Buttermilk Road Community,
Gdlaher Bend Community, Hardin Vdley, Solway, Karns, Knoxville, Claxton, Clinton, Dutch Valey,
Cedar Grove, and Lake City.

The City of Oak Ridge is a population clugter of interest in which five locd points were monitored for
31 and other radionuclidesin air (see Section 4). Within the City of Oak Ridge, severd locations were
consdered representative population clusters.  the Oak Ridge High School area, the Scarboro
Community, the Woodland Community, and the Oak Ridge Town Ste area (see Figure 11.1).
Although the resdents in these areas may not have grown produce or raised animals, their potentid for
obtaining locdly grown food was high due to the practices of “truck faming” and “rolling stores”

“Truck farming” and “rolling stores” involved individuas who grew their own produce and sold it out of
their trucks (Wade, 1998; Harkins, 1998). These practices were common in the Oak Ridge and
Knoxville aress.

Within Oak Ridge, potentid exposure pathways include inhdation, ingestion of milk and megt from
animals grazing on contaminated pasture grass, and ingestion of leafy vegetables from gardens. The
consumption of human breast milk aso occurred. Persond communications with severd former
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resdents (eg., Hileman, Clark, Vowdl, Brooks) contributed to the following overview of possble
EXPOSUres.

Interviews indicated that beef and dairy cattle were kept in smal numbers aong East Fork Poplar
Creek (EFPC). At least two of the 3 or 4 families living ong EFPC had dairy cettle for their own
family use over a period of severd years in the 1950s. However, no evidence of commercid dairies or
the sde of locd milk to commercid dairies was found. There was dso no indication of any dairy goats
in the Oak Ridge area.

Approximatdy haf the land dong EFPC on the south side of the Oak Ridge Turnpike was used for
grazing beef cattle, starting in the 1950s. Four or five families daughtered at least one beef cow a year
for persona use; the rest were raised for resdle. No grain was raised except for livestock feed. One
family had chickens and sold them locdlly for about 5 years, and other interviewees mentioned hearing
or seeing chickens. It is possble, though not confirmed through interviews, that eggs from loca
chickenswere available.

At least one, perhaps more, vegetable gardens were grown near EFPC, and occasonad vegetable
gardens were mentioned in connection with other sections of Oak Ridge (Jenkins, 1997). Tomatoes
and corn from locd land may have been sold at a grocery story near the Oak Ridge Turnpike. Other
occasiond wild food gathering activities (blackberries, wanuts, mushrooms and grapes, as well as
honey collection) could have been minor contributors to exposure.

Oliver Springs and Norwood are aso communities potentialy affected by the **'1 releases from X-10.
Oliver Springs was once a cod mining town, while Norwood is a smal agriculturd community located
to the southeast of Oliver Springs. Beef and dairy cattle were raised in these areas for persona
consumption (Lowe, 1997).

Clinton and Claxton are population clusters located northeast of X-10. These areas were of concern
due to the presence of dairy and beef cattle, in addition to chickens, pigs, and goats (Clark, 1997). In
the Claxton area, one family was known to consume goat’s milk as wel as cow’s milk (Clark, 1997).
The goat’s milk was not sold commercialy in this area. Backyard cow’s milk, however, was sold to
neighbors, along with cream, butter, and eggs (Clark, 1997). Vegetable gardens were aso grown in
these two aress.

Lake City is the farthest northerly location selected. Despite its being a rura mountainous area, beef
cattle, pigs, and chickens were raised in Lake City, dong with vegetable gardens. Produce frequently
grown in this area included beans, onions, tomatoes, and potatoes. These items were generdly
consumed by extended families and neighbors.

Cedar Grove and Dutch Vdley are located to the northeast of the X-10 facility. These rurd
communities are predominantly agricultural. Corn and hay are afew of the crops grown in these areas
(Courier-News, 1998). Presently, dairy cattle are limited to a few farms, but beef cattle dot the
landscape on mogt larger farms.  Although not confirmed through interviews, vegetable gardens were
consdered to have been grown by most individuas in the Cedar Grove and Dutch Valley aress.
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Wartburg and Oakdde are rura communities located in Morgan County in the Cumberland Mountains.
These areas have regions in which farming is practiced, but most of the land is too rugged to have large
faming tracts. Vegetable gardens are grown by most individuas in this area, with the most popular
crops being tomatoes and beans. Beef cattle grazed the mountainsides, while dairy cattle were kept
close to the house. Mogt individuas were assumed to have backyard cows. No large commercia

daries were located in these areas, but loca sale of milk cannot be excluded. Oak Ridge and Harriman
are the closest urban aress.

Agriculture has been and is Hill practiced in smal communities in Roane County, such as Dyllisand
Jonesville. The communities in these locations continue to raise beef cattle and to plant crops for
production (grain and hay) and for family consumption. The number of grocery stores in Dyllis and
Jonesville was limited; therefore, resdents often produced their own food or traveled to nearby cities
(e.g., Harriman, Oliver Springs, or Oak Ridge) to purchase groceries.

Harriman was another population cluster where urban and rura individuas raised livestock and grew
crops (Lowe, 1997). The crops and livestock were used primarily for family consumption, but were
aso shared with friends and neighbors. Harriman was aso serviced by local milk ddiveries from the
Bradbury community (Prichard, 1997) and by local dairies (Lowe, 1997).

Sugar Grove lies in the Sugar Grove Vdley, which is gpproximately due west of the X-10 facility. This
smal rurd community was an areain which beef cattle grazed the hillsdes and vegetable gardens were
planted. Hay, tobacco, onions, potatoes, beans, tomatoes, berries, corn, and other grains were grown
aswedll (Adkins, 1997; Lowe, 1997).

Rockwood is located to the southwest of X-10 and is predominantly rurd, with severd farms. Hay,
tobacco, and other grains are produced in this location. If acreage was owned, vegetable gardens were
planted. Tomatoes, beans, potatoes, and other root crops were grown in this area, and beef cattle
were o raised for family consumption.

For the Kingston area, parcels of farm land were located both within and outside the city limits. Raisng
livestock and planting gardens were an integra part of life in this area. Beef and dairy cattle were
raised, in addition to chickens, pigs, sheep, and goats (Prichard, 1997). Severa residents in the rura
Kingston area consumed goat's milk (Prichard, 1997). During interviews that were conducted with
loca residents, one farm was identified as raising goats. The farm raised gpproximately 60-70 goats for
milk production and for land clearing purposes (Prichard, 1997). Goat's milk was not sold
commercidly in Kingston; however, family members and neighbors who preferred goat’s milk to cow’s
milk utilized the milk (Prichard, 1997).

Individuds living within the city limits of Kingston could have had access to farm-raised milk (through
creameries and locd deliveries) and meat (through loca grocers and meat companies). For example,
resdents of the Bradbury community often ddivered milk to the homes of resdents in Kingston,
Harriman, Oakdde, and Oak Ridge until the 1950s (Prichard, 1997). Locd grocery stores in
Kingston carried farm-raised beef, and daughterhouses were aso present in this area (Stokes, 1997).
In addition, excess locad milk was often sold to loca grocery stores after refrigeration became available
(Adkins, 1997).
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The communities living dong Galaher Road in Roane County (Gdlaher/Lavnville communities) were
aso consdered in this andyss. Galaher Road is located between Pine and Black Oak Ridges and is
predominantly agriculturd. Beef and dairy cettle were raised in this area, dong with vegetable gardens.
Hay and grain crops were also produced in this area.

Barnardsville is located in the southwestern section of Roane County and is predominantly rurd. Beef
cattle can ill be seen in this area today. Hay and tobacco were dso grown in this area. Vegetable
gardens and dairy cattle were assumed to have been raised here aswell.

For the Bradbury community (located near Jones Idand in Loudon and Roane counties), beef cattle
were the primary livestock; however, each farm had its own dairy cattle to produce milk for the family
(Waller, 1996). Loca mest (beef) and milk were not sold commercidly in the Bradbury area due to the
lack of refrigeration (Waller, 1996).

The closest urban area to the Bradbury community was Lenoir City. Even though this area was
consdered urban, farms were located within the city limits. These farms raised livestock (beef and dairy
cattle, chickens, and pigs) and continue to raise alimited amount of livestock today. Smdl gardens were
planted, since the land was predominantly used for grazing and the production of grain and hay.

Hines Vdley is dso an agriculturd community. Pigs, beef, and dairy catle were raised in this area for
local consumption (Idom, 1997). Hay and other grains were grown in this areg, in addition to vegetable
gardens.

Loudon and Sweetwater are dso consdered urban areas, but farms and agricultural land are
predominant in these areas. Beef and dairy cattle, dong with pigs were prominently raised in this area.
The Sweetwater area was supplied with feeder pigs from the Hines Valey area (Idom, 1997). Large
gardens (corn and soybeans) can ill be viewed in these areas today, especidly aong the Tennessee
River.

Greenback, Friendsville, and Louisville are located southeast of the X-10 facility and were affected by
the rdleases of **1. These areas are primarily agricultura, with the closest urban areas being Lenoir City
and Maryville. Tobacco, corn, hay, and soybeans were the primary crops. Beef and dairy cattle were
dso rased in these areas. Maryville is consdered an urban areg, but large farming tracts of land are
located on the outskirts of the city. Beef cattle were the predominant animals raised; some vegetable
gardens were grown as well.

Rockford is another smal community that lies south of Knoxville. This was a predominantly agriculturd
area and continues to be the home of a large portion of the Universty of Tennessee's Agricultura

Experiment Station. Holgtein cattle can Hill be seen grazing thisland. Vegetable gardens and hay crops
are dso grown in this community.

The Buttermilk, Hardin Valey, Galaher Bend, and Hope Cresk communities are predominantly
agricultural aress. Beef and dairy cattle were raised here dong with chickens and pigs, as early asthe
Civil War (Ward, 1998; Hackett, 1998; Hudson, 1998). One family in the Gallaher Bend area raised
goats and consumed the milk (Hackett, 1998; Hudson, 1998). Grain, hay, and tobacco were the
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largest crops grown in these four areas;, however, vegetables gardens were aso grown. These four
communities are gill predominantly agriculturd aress.

Solway was an areain which beef and dairy cattle were present in the 1940s and 1950s (Wade, 1996).
Goats, pigs, and chickens were also eised in this area.  Vegetable gardens were grown for family
consumption as well asfor resde. Individuas known as “truck farmers’ took excess vegetables to the
Knoxville Farmer's Market on Market Street in downtown Knoxville and to Oak Ridge markets for
resde (Wade, 1996). Excess milk was sold to other local farmers for use as food for pigs (Wade,
1996).

Knoxville was consdered important for this sudy due to the presence of cattle in areas surrounding
downtown Knoxville, such as north and west Knoxville. Large farms existed in the Farragut, Karns,
and Cedar Bluff areas (Harkins, 1998). These farms raised beef and dairy cattle, in addition to
vegetable gardens, from which excess produce was taken to Market Square and the Forrest Avenue
Farmer's Market in Knoxville. Milk from the Cedar Bluff area was sold commercidly to larger dairies
in the area (Harkins, 1998). Bedf cattle are Hill raised on the outskirts of Knoxville today. The
Knoxville area dso received vegetables grown in the Oak Ridge area and outlying regions via the
Farmer's Market, which was origindly located on Market Street (Wade, 1997), and the Forrest
Avenue Farmer's Market.

Table 11-A.1 provides a summary of the locations of interest and the exposure pathways of concern.
The table locations are arranged in order of increasing distance from the X-10 facility. The pathways
that were consdered relevant for a specific location are identified by a number “1.” Those pathways
not considered applicable to residents a a given location are described with a“0.” Inhdation of |
was conddered a dl Stes. The consumption patterns of the individuas consdered to be reference
individuals conssted of three diets. Diet 1 conssted of the backyard milk pathway in addition to
consumption of vegetables, meat, cheese, and eggs. Ingestion of local commercid milk, and ingestion of
mest, eggs, vegetables, and cheese make up Diet 2. Diet 3 describes an individua who consumed
regiond commercia milk.
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Table11-A.1 Summary of the locations of interest and the exposure pathways selected for dose and

risk estimation.
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APPENDIX 11B
ESTIMATED **'| CONCENTRATIONSIN ENVIRONMENTAL MEDIA

This Appendix presents the estimated concentrations of 3| in various environmenta media and
food products as a result of the 1944-1956 releases from the X-10 radioactive lanthanum
processng facility located in Oak Ridge, Tennessee. These concentrations represent time-
averages over the entire 13 years of releases and include the effects of both routine releases and
the accidenta release of April 29, 1954.

The results are presented separately for esch of the 41 locations of interest (Appendix 11A)
within a 38-km radius around the Rala facility. For each location, the following concentrations
are given:

Ground-level concentrations of 3!l in air (the concentrations represent tota iodine, or all
three physico-chemica forms combined)

Concentrationsof 31 in lesfy vegetables

Concentrationsof 3| in pasture grass

Concentrations of 31 in milk of “backyard” cows

Concentrations of 3! in milk of “commerciad” cows (concentrations are given
separately for loca and regiond ditribution of commercidly produced milk)
Concentrations of 31 in milk of goats

Concentrationsof *3!| in locally produced mest

Concentrations of 31| in cheese produced from contaminated milk
Concentrations of 31 in eggs from chickens fed contaminated feed
Concentrations of *31 in human breast milk

The results are presented as 95% subjective confidence intervals (2.5th and 97.5th percentiles)
and a centrd estimate (50th percentile). A 95% subjective confidence interva is expected, at the
95th percent level of confidence, to encompass the true but unknown concentration of **!I. The
confidence intervas are caled “subjective’ because they are based in part on assumptions made
usng expert judgment and on professond andyss of the exposure Stuation. Other investigators
may come to dightly different results but the find conclusons are not expected to change
sgnificantly.

At some locations, the concentration for an endpoint may be zero (eg., no cows were present in
downtown Oak Ridge during the 1940s or 1950s). For these locations, a dash “-" is shown in
the tables.
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Location: Barnardville

Environmental media or food product Units 13 years-average concentration
lower limit central estimate upper limit

Air (al physico-chemical forms) Bqg m> 0.013 0.021 0.035
Pasture grass BA kG 4y mass 51 150 440
Backyard cow milk (locally produced) BqL™ 2.6 8.6 32
Commercia milk (locally produced) BqL™ 1.7 5.2 15
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 9 41 160
Beef Bq kg™ 0.42 25 16
Leafy vegetables B Kg e mees 34 10.0 33
Cottage Cheese Bg kg™ 0.8 4.8 31
Eggs Bqkg™ 1.4 5.8 25
Mother's milk* BqlL™ 0.18 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Bradbury

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.074 0.110 0.160
Pasture grass BA kG 4y mass 470 1300 3300
Backyard cow milk (locally produced) BqL™ 24.0 74.0 250
Commercia milk (locally produced) Bq Lt 15.0 43.0 120
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 79 340 1300
Beef Bq kg™ 3.80 22.0 140
Leafy vegetables BG KG ™ et mees 30.0 88.0 250
Cottage Cheese Bg kg™ 6.9 39.0 240
Eggs Bqkg™ 12.0 49.0 200
Mother's milk* BqL™ 0.38 2.6 15.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Buttermilk Rd.
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.057 0.082 0.120
Pasture grass BA kG 4y mass 320 870 2300
Backyard cow milk (locally produced) BqL™ 17.0 51.0 190
Commercia milk (locally produced) Bqg Lt 10.0 30.0 85
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 53 240 900
Beef Bqkg” 2.50 16.0 92
Leafy vegetables B Kg e mees 20.0 59.0 170
Cottage Cheese Bg kg™ 5.1 28.0 180
Eggs Bq kg™ 8.6 34.0 140
Mother's milk* BqlL™ 0.33 2.2 13.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Cedar Bluff

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.028 0.041 0.060
Pasture grass BA kg 4y mass 130 340 910
Backyard cow milk (locally produced) BqL™ 6.4 20.0 68
Commercial milk (locally produced) BqL™ 4.0 12.0 33
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 21 93 340
Beef Bqkg™” 1.00 6.0 37
Leafy vegetables BG KG ™ et mees 8.1 23.0 69
Cottage Cheese Bg kg™ 1.9 11.0 64
Eggs Bq kg™’ 3.2 13.0 56
Mother's milk* BqL™ 0.23 1.7 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Cedar Grove
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bgm® 0.013 0.020 0.031
Pasture grass BA kG 4y mass 54 150 390
Backyard cow milk (locally produced) BqL™ 2.9 8.8 31
Commercia milk (locally produced) Bq Lt 1.8 5.1 15
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 9 41 160
Beef Bq kg™ 0.46 2.6 16
Leafy vegetables BG KG ™ et mees 3.6 10.0 31
Cottage Cheese Bg kg™ 0.9 4.8 31
Eggs Bg kg™ 1.5 5.8 24
Mother's milk* BqlL™ 0.18 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Claxton

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (all physico-chemical forms) Bgm® 0.023 0.034 0.049
Pasture grass BA kG 4y mass 110 280 740
Backyard cow milk (locally produced) BqL™ 55 17.0 57
Commercia milk (locally produced) Bq Lt 34 9.7 28
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 17 78 290
Beef Bqkg” 0.85 5.1 31
Leafy vegetables BG KG ™ e mees 6.7 19.0 56
Cottage Cheese Bg kg™ 1.6 9.1 55
Eggs Bq kg™ 2.8 11.0 46
Mother's milk* BqL™ 0.21 1.6 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.018 0.026 0.039
Pasture grass BA kG 4y mass 82 220 580
Backyard cow milk (locally produced) BqL™ 4.3 13.0 45
Commercia milk (locally produced) Bq Lt 2.6 74 22
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 13 60 210
Beef Bq kg™ 0.64 3.9 23
Leafy vegetables Bq KG ™ et mees 5.4 15.0 45
Cottage Cheese Bg kg™ 1.3 7.1 44
Eggs Bqkg™ 2.1 8.5 36
Mother's milk* BqL™ 0.19 1.5 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Dutch Valley

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.010 0.016 0.025
Pasture grass BA kG 4y mass 51 140 360
Backyard cow milk (locally produced) BqL™ 2.7 8.1 29
Commercia milk (locally produced) BqL™ 1.6 4.8 13
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 8 36 150
Beef Bqkg” 0.38 2.4 15
Leafy vegetables BG KG ™ et mees 33 9.4 27
Cottage Cheese Bg kg™ 0.8 4.3 29
Eggs Bg kg™ 1.3 5.3 23
Mother's milk* BqlL™ 0.17 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11B July 1999

Page 11B-8

Location: Dyllis
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.010 0.017 0.030
Pasture grass BG KG ey mees 56 170 470
Backyard cow milk (locally produced) BqL™ 3.0 9.8 39
Commercia milk (locally produced) Bq Lt 2.0 57 18
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 9 47 190
Beef Bq kg™ 0.47 3.0 18
Leafy vegetables BG KG ™ et mees 3.6 12.0 36
Cottage Cheese Bg kg™ 0.9 5.4 39
Eggs Bg kg™ 1.6 6.6 30
Mother's milk* BqlL™ 0.17 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: EFPC

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.018 0.030 0.047
Pasture grass BA kG 4y mass 120 330 910
Backyard cow milk (locally produced) BqL™ 5.9 19.0 66
Commercia milk (locally produced) Bq Lt 3.7 11.0 33
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bq kg™ 0.91 5.6 39
Leafy vegetables BG KG ™ e mees 7.4 22.0 65
Cottage Cheese Bg kg™ 1.8 10.0 65
Eggs Bq kg™ 3.1 13.0 51
Mother's milk* BqL™ 0.21 1.6 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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L ocation: Farragut
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.029 0.045 0.067
Pasture grass BA kG 4y mass 150 410 1200
Backyard cow milk (locally produced) BqL™ 7.9 24.0 84
Commercial milk (localy produced) BqL™ 4.7 14.0 44
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 25 110 440
Beef Bq kg™ 1.20 7.2 46
Leafy vegetables Bq KG ™ et mees 9.5 28.0 87
Cottage Cheese Bqkg™ 2.2 13.0 80
Eggs Bq kg™ 3.8 16.0 69
Mother's milk* BqlL™ 0.24 1.8 12.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Friendsville

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.011 0.018 0.030
Pasture grass BA kG 4y mass 40 120 400
Backyard cow milk (locally produced) BqL™ 2.2 7.2 28
Commercial milk (locally produced) BqL™ 1.2 4.3 15
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 7 34 150
Beef Bqkg” 0.36 2.1 14
Leafy vegetables BG KG ™ et mees 2.6 8.8 30
Cottage Cheese Bq kg™ 0.6 4.2 27
Eggs Bqkg™ 1.1 48 23
Mother's milk* BqlL™ 0.18 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Gallaher Bend

Environmental media or food product Units 13 years-average concentration
lower limit central estimate upper limit

Air (all physico-chemical forms) Bgm® 0.096 0.140 0.200
Pasture grass BA kG 4y mass 580 1600 3900
Backyard cow milk (locally produced) BqL™ 31.0 92.0 290
Commercia milk (locally produced) Bq Lt 19.0 54.0 140
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 94 420 1700
Beef Bqkg” 450 26.0 160
Leafy vegetables BG KG ™ et mees 35.0 110.0 290
Cottage Cheese Bg kg™ 8.3 48.0 300
Eggs Bq kg™ 15.0 59.0 240
Mother's milk* BqlL™ 0.42 2.9 16.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Greenback

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.008 0.013 0.022
Pasture grass BA kg 4y mass 26 80 270
Backyard cow milk (locally produced) BqL™ 1.4 5.0 20
Commercia milk (locally produced) Bqg Lt 0.9 2.8 10
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 4 22 95
Beef Bqkg” 0.23 1.4 10
Leafy vegetables BG KG ™ et mees 1.7 5.7 20
Cottage Cheese Bq kg™’ 0.4 2.7 20
Eggs Bq kg™ 0.8 3.2 15
Mother's milk* BqlL™ 0.16 1.3 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Hardin Valley
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.04 0.080 0.110
Pasture grass BA kG 4y mass 300 780 2000
Backyard cow milk (locally produced) BqL™ 15.0 47.0 160
Commercia milk (locally produced) Bqg Lt 9.3 27.0 77
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 49 220 800
Beef Bqkg” 2.40 14.0 79
Leafy vegetables B Kg e mees 19.0 54.0 150
Cottage Cheese Bq kg™ 4.6 25.0 160
Eggs Bqkg™ 7.6 31.0 130
Mother's milk* BqlL™ 0.32 2.2 13.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Harriman

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.010 0.016 0.025
Pasture grass BA kg 4y mass 55 140 370
Backyard cow milk (locally produced) BqL™ 2.9 8.5 30
Commercia milk (locally produced) BqL™ 1.8 4.9 14
Commercia milk (regional mixed) Bqg L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 8 38 160
Beef Bq kg™ 0.40 2.6 15
Leafy vegetables Bq Kg e mees 3.6 9.6 28
Cottage Cheese Bg kg™ 0.8 45 31
Eggs Bqkg™ 1.4 55 26
Mother's milk* BqlL™ 0.16 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: HinesValley

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.027 0.041 0.060
Pasture grass BA kG 4y mass 130 370 980
Backyard cow milk (locally produced) BqL™ 6.6 21.0 76
Commercial milk (locally produced) BqL™ 4.1 12.0 37
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BgL™ 22 97 390
Beef Bqkg™” 1.00 6.4 39
Leafy vegetables Bq KG ™ et mees 8.0 25.0 76
Cottage Cheese Bg kg™ 2.1 12.0 70
Eggs Bg kg™ 3.3 14.0 58
Mother's milk* BqL™ 0.23 1.7 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

L ocation: Hope Creek

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.056 0.082 0.120
Pasture grass BA kG 4y mass 320 900 2300
Backyard cow milk (locally produced) BqL™ 17.0 52.0 190
Commercia milk (locally produced) Bqg Lt 10.0 30.0 87
Commercia milk (regional mixed) Bqg L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bqkg” 2.60 16.0 97
Leafy vegetables Bq KG ™ et mees 20.0 61.0 180
Cottage Cheese Bq kg™’ 5.0 28.0 170
Eggs Bg kg™ 8.6 34.0 140
Mother's milk* BqL™ 0.33 2.2 13.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Jonesville
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (all physico-chemical forms) Bqm® 0.007 0.012 0.022
Pasture grass BA kG 4y mass 40 120 380
Backyard cow milk (locally produced) BqL™ 2.2 7.4 29
Commercia milk (locally produced) BqL™ 1.3 4.3 14
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 6 34 150
Beef Bq kg™ 0.32 2.3 16
Leafy vegetables BG KG ™ et mees 2.6 8.5 28
Cottage Cheese Bq kg™’ 0.6 41 29
Eggs Bqkg™ 1.2 4.8 23
Mother's milk* BqlL™ 0.16 1.3 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Karns

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.034 0.050 0.073
Pasture grass BA kG 4y mass 160 440 1200
Backyard cow milk (locally produced) BqL™ 8.5 26.0 82
Commercia milk (locally produced) Bq Lt 5.1 15.0 44
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 25 120 460
Beef Bq kg™ 1.30 7.4 48
Leafy vegetables BG KG ™ e mees 9.9 30.0 87
Cottage Cheese Bg kg™ 2.4 14.0 84
Eggs Bq kg™ 4.2 17.0 69
Mother's milk* BqL™ 0.25 1.8 12.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Kingston
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.025 0.037 0.057
Pasture grass BA kG 4y mass 110 320 850
Backyard cow milk (locally produced) Bqg Lt 5.9 19.0 64
Commercia milk (locally produced) Bqg Lt 3.6 11.0 32
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 20 88 330
Beef Bq kg™ 0.90 5.5 33
Leafy vegetables B Kg e mees 7.4 22.0 66
Cottage Cheese Bg kg™ 1.6 10.0 68
Eggs Bqkg™ 2.9 12.0 54
Mother's milk* BqL™ 0.22 1.6 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Knoxville

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.015 0.024 0.036
Pasture grass BA kG 4y mass 59 160 440
Backyard cow milk (locally produced) BqL™ 2.9 9.6 33
Commercial milk (locally produced) BqL™ 1.9 5.6 16
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 10 44 170
Beef Bq kg™ 0.48 2.9 17
Leafy vegetables BG KG ™ e mees 39 11.0 34
Cottage Cheese Bg kg™ 1.0 5.3 35
Eggs Bq kg™ 1.5 6.4 26
Mother's milk* BqL™ 0.19 15 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation



31| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11B July 1999
Page 11B-15

Location: Lake City

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bgm® 0.006 0.010 0.016
Pasture grass BA kG 4y mass 28 80 210
Backyard cow milk (locally produced) BqL™ 1.3 4.7 16
Commercia milk (locally produced) Bqg Lt 0.9 2.8 8
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 5 22 92
Beef Bq kg™ 0.23 1.4 9
Leafy vegetables Bg Kg e mess 1.7 5.4 16
Cottage Cheese Bg kg™ 0.4 25 17
Eggs Bq kg™ 0.7 3.1 13
Mother's milk* BqlL™ 0.15 1.3 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Lawnville/Gallaher

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.055 0.080 0.120
Pasture grass BA kg 4y mass 330 820 2100
Backyard cow milk (locally produced) BqL™ 18.0 49.0 170
Commercia milk (locally produced) BqL™ 11.0 29.0 75
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 51 220 920
Beef Bqkg™” 2.40 15.0 84
Leafy vegetables BG KG ™ et mees 21.0 57.0 150
Cottage Cheese Bq kg™ 4.9 26.0 180
Eggs Bg kg™ 8.8 32.0 130
Mother's milk* BqL™ 0.31 2.2 13.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Lenoir City

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.018 0.029 0.047
Pasture grass BA kG 4y mass 95 250 670
Backyard cow milk (locally produced) BqL™ 5.1 15.0 56
Commercia milk (locally produced) Bqg Lt 3.0 8.6 25
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bq kg™ 0.68 45 27
Leafy vegetables B Kg e mees 6.3 17.0 49
Cottage Cheese Bg kg™ 1.4 7.8 55
Eggs Bq kg™ 2.5 9.7 47
Mother's milk* BqL™ 0.19 1.5 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Loudon

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.019 0.030 0.047
Pasture grass BA kG 4y mass 86 240 680
Backyard cow milk (locally produced) BqL™ 4.4 14.0 52
Commercial milk (locally produced) BqL™ 2.8 8.3 25
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 14 65 260
Beef Bqkg" 0.69 4.2 27
Leafy vegetables BG KG ™ e mees 55 17.0 50
Cottage Cheese Bg kg™ 1.3 7.7 49
Eggs Bqkg™ 2.3 9.4 39
Mother's milk* BqL™ 0.20 1.5 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Louisville
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.011 0.019 0.031
Pasture grass BA kG 4y mass 43 130 380
Backyard cow milk (locally produced) BqL™ 2.2 7.7 29
Commercia milk (locally produced) BqL™ 15 4.6 14
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 7 36 160
Beef Bq kg™ 0.37 2.3 14
Leafy vegetables BG KG ™ et mees 2.9 9.0 29
Cottage Cheese Bg kg™ 0.7 4.2 29
Eggs Bg kg™ 1.2 5.1 24
Mother's milk* BqlL™ 0.17 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Maryville

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bgm® 0.007 0.013 0.023
Pasture grass BA kG 4y mass 26 80 240
Backyard cow milk (locally produced) BqL™ 1.3 4.7 18
Commercia milk (locally produced) Bq Lt 0.9 2.8 9
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 4 22 91
Beef Bq kg™ 0.23 1.3 9
Leafy vegetables BG KG ™ e mees 1.7 5.6 17
Cottage Cheese Bg kg™ 0.4 25 16
Eggs Bq kg™ 0.7 3.1 14
Mother's milk* BqL™ 0.16 1.3 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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L ocation: Norwood
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.010 0.016 0.028
Pasture grass BG KG ey mees 51 160 490
Backyard cow milk (locally produced) BqL™ 3.0 9.4 37
Commercia milk (locally produced) BqL™ 1.7 5.6 19
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 9 44 190
Beef Bq kg™ 0.44 2.8 18
Leafy vegetables BG KG ™ et mees 3.4 11.0 37
Cottage Cheese Bg kg™ 0.8 5.1 34
Eggs Bqkg™ 1.4 6.3 29
Mother's milk* BqlL™ 0.17 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Oakdale

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bgm® 0.005 0.009 0.016
Pasture grass BA kG 4y mass 27 79 240
Backyard cow milk (locally produced) BqL™ 1.4 4.6 18
Commercia milk (locally produced) Bq Lt 0.9 2.7 9
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 5 22 90
Beef Bq kg™ 0.22 1.4 9
Leafy vegetables BG KG ™ et mees 1.8 5.4 18
Cottage Cheese Bg kg™ 0.5 2.6 18
Eggs Bq kg™’ 0.7 3.1 14
Mother's milk* BqlL™ 0.15 1.3 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Oliver Springs

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (all physico-chemical forms) Bqm® 0.007 0.012 0.022
Pasture grass BA kG 4y mass 38 120 400
Backyard cow milk (locally produced) BqL™ 2.0 7.1 29
Commercia milk (locally produced) Bq Lt 1.3 4.2 15
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 7 33 140
Beef Bqkg" 0.30 2.2 14
Leafy vegetables B Kg e mees 2.4 8.3 30
Cottage Cheese Bg kg™ 0.7 39 27
Eggs Bq kg™’ 1.0 4.7 22
Mother's milk* BqlL™ 0.16 1.3 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: OR High School Area

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.024 0.037 0.053
Pasture grass BA kG 4y mass 130 360 940
Backyard cow milk (locally produced) BqL™ - - -
Commercia milk (locally produced) BqL™ - - -
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bg kg™ - - -
Leafy vegetables Bq KG ™ et mees 8.5 25.0 70
Cottage Cheese Bg kg™ - - -
Eggs Bqkg™ - - -
Mother's milk* BqL™ 0.22 1.7 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: OR Scarboro
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.041 0.060 0.089
Pasture grass BA kG 4y mass 240 650 1700
Backyard cow milk (locally produced) BqL™ - - -
Commercial milk (locally produced) BqL™ - - -
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bg kg™ - - -
Leafy vegetables Bg Kg e mess 15.0 45.0 130
Cottage Cheese Bqkg™ - - -
Eggs Bg kg™ - - -
Mother's milk* BqlL™ 0.27 2.0 12.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: OR Townsite

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.023 0.034 0.050
Pasture grass BA kg 4y mass 120 330 850
Backyard cow milk (locally produced) BqL™ - - -
Commercia milk (locally produced) BqL™ - - -
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bg kg™ - - -
Leafy vegetables Bq KG ™ e mees 7.7 22.0 65
Cottage Cheese Bg kg™ - - -
Eggs Bqkg™ - - -
Mother's milk* BqlL™ 0.21 1.6 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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L ocation: Rockford
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.012 0.019 0.029
Pasture grass BA kG 4y mass 45 130 360
Backyard cow milk (locally produced) BqL™ 25 7.6 27
Commercia milk (locally produced) Bq Lt 15 4.4 14
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 7 35 140
Beef Bq kg™ 0.39 2.3 14
Leafy vegetables BG KG ™ et mees 3.0 8.8 28
Cottage Cheese Bq kg™’ 0.7 4.2 28
Eggs Bg kg™ 1.3 5.0 21
Mother's milk* BqlL™ 0.18 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Rockwood

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.012 0.018 0.029
Pasture grass BA kG 4y mass 51 140 410
Backyard cow milk (locally produced) BqL™ 2.7 8.3 31
Commercia milk (locally produced) BqL™ 1.6 5.0 15
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 9 39 150
Beef Bq kg™ 0.42 25 16
Leafy vegetables BG KG ™ et mees 3.3 9.9 31
Cottage Cheese Bg kg™ 0.8 45 30
Eggs Bqkg™ 1.4 55 23
Mother's milk* BqlL™ 0.17 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Solway

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.052 0.074 0.100
Pasture grass BA kG 4y mass 280 710 1800
Backyard cow milk (locally produced) BqL™ 14.0 42.0 140
Commercia milk (locally produced) Bqg Lt 8.9 24.0 69
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 44 200 720
Beef Bqkg” 2.20 13.0 73
Leafy vegetables B Kg e mees 17.0 48.0 140
Cottage Cheese Bg kg™ 4.2 23.0 140
Eggs Bqkg™ 7.3 27.0 110
Mother's milk* BqlL™ 0.30 2.1 13.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Sugar Grove

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (all physico-chemical forms) Bgm® 0.020 0.031 0.046
Pasture grass BA kg 4y mass 110 300 800
Backyard cow milk (locally produced) Bq Lt 5.8 18.0 64
Commercia milk (locally produced) Bqg Lt 3.5 10.0 30
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 18 82 320
Beef Bqkg™” 0.92 5.4 33
Leafy vegetables BG KG ™ et mees 7.0 21.0 60
Cottage Cheese Bg kg™ 1.7 9.5 64
Eggs Bqkg™ 3.0 12.0 49
Mother's milk* BqL™ 0.21 1.6 11.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Sweetwater
Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bqg m> 0.009 0.015 0.025
Pasture grass BA kG 4y mass 31 97 290
Backyard cow milk (locally produced) BqL™ 1.6 5.7 22
Commercia milk (locally produced) Bq Lt 1.0 34 11
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 5 26 110
Beef Bq kg™ 0.28 1.6 11
Leafy vegetables BG KG ™ et mees 2.1 6.6 22
Cottage Cheese Bg kg™ 0.5 3.0 21
Eggs Bq kg'l 0.9 3.7 17
Mother's milk* BqlL™ 0.16 1.4 10.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation

Location: Wartburg

Environmental media or food product Units 13 years-average concentration
lower limit central estimate  upper limit

Air (al physico-chemical forms) Bq m* 0.002 0.004 0.008
Pasture grass BA kG 4y mass 9 35 120
Backyard cow milk (locally produced) BqL™ 0.5 2.0 8
Commercia milk (locally produced) BqL™ 0.3 1.2 4
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ 2 9 46
Beef Bq kg™ 0.08 0.6 4
Leafy vegetables BG KG ™ et mees 0.6 2.3 9
Cottage Cheese Bg kg™ 0.2 1.1 8
Eggs Bq kg™’ 0.2 1.3 7
Mother's milk* BqlL™ 0.13 1.2 9.8

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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Location: Woodland

Environmental media or food product Units 13 years-average concentration
lower limit central estimate upper limit

Air (al physico-chemical forms) Bqg m> 0.037 0.055 0.078
Pasture grass BA kg 4y mass 210 550 1400
Backyard cow milk (locally produced) BqL™ - - -
Commercia milk (locally produced) BqL™ - - -
Commercia milk (regional mixed) Bq L™t 2.2 5.8 16
Goat milk (locally produced) BqL™ - - -
Beef Bg kg™ - - -
Leafy vegetables B Kg e mess 13.0 38.0 100
Cottage Cheese Bq kg™ - - .
Eggs Bqkg™ - - -
Mother's milk* BqlL™ 0.26 1.9 12.0

*Mother on Diet 3 - Regionally mixed commercial milk + inhalation
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APPENDIX 11C

DETAILED RESULTS OF THE DOSE RECONSTRUCTION FOR IODINE-131

This Appendix presents the estimated thyroid doses, excess lifetime risks, and rdative risks of
thyroid cancer from exposure to **!| relessed from the X-10 Radioactive Lanthanum Processing
facility located in Oak Ridge, Tennessee. These results represent the effects of both routine
releases and the April 29, 1954, accident. In addition, this Appendix presents estimates for the
probability of causation, which is defined as the probability that a manifested thyroid cancer was
induced by the person's exposure to ***| released from X-10.

The dose is defined as the energy deposited in the thyroid tissue from the decay of
accumulated in the thyroid. The depodted energy induces modifications in the thyroid cdls that
may manifest as thyroid cancer or other abnormalities. The risk vaues represent the probability
(or the chance) that an exposed individud will contract a thyroid cancer during his or her
remaning lifetime. The excess lifelime risks presented in this Appendix represent the radiation
induced thyroid cancer incidence in excess of the naurd background incidence of thyroid
cancer. The reative difference between the incidence of cancer in the case of exposure and the
incidence of cancer in the absence of exposure (background incidence) when divided by the
background incidence of cancer provides the quantity cdled "rddive risk." The rdative risk for
a given individua represents the factor by which his or her background incidence of cancer has
been increased by exposure to *3!1 released from X-10.

The results are presented as ranges of vaues, which a the 95" percent level of confidence'
encompass the true but unknown doses or risks for an exposed individua. Centra vaues (507
percentiles) are aso presented.

The results are presented separately for each of the 41 locations of interest (Appendix 11A)
within a 38-km radius around the RalLa facility. Doses and risks are esimated for reference
individuas of nine age categories exposed at these locations. The difference between genders is
addressed explicitly. For each location and each exposed individud, doses from the most
rdevant exposure pathways are included. At some locations, not dl the exposure pathways are
gpplicable. For instance, no cows were present in downtown Oak Ridge during 1940s or 1950s.
For these locations a dash “-" is shown in the tables, to indicate that the exposure pathway is not
vdid for that particular location. Also, for some individuds, exposure from ingestion of
mother's milk is zero, meaning that even though infants living & that location were breadt-fed,
mother's milk was not contaminated because *'I was not released from %10 in the year when
the infant was born. For similar reasons, some of the doses from prenatal exposures are zero.

1 The ranges cover a 95% subjective confidence interval. The confidenceintervals are called “subjective’ because
they are based on assumptions made using expert judgement and on professional analysis of the exposure
situation. Other investigators may come to slightly different results, but the final conclusions would not change
significantly.
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Most of the doses are estimated based on the ingestion of locally produced food items. However,
dosss are dso edimated for the specific case of ingestion of commercid milk representative of
the entire affected region. The latter dose estimates are based on a regionaly averaged
concentrtion in milk.

Individuas living around X-10 may have been exposed via more than one exposure pathway a a
time. Inhdation of contaminated ar, for ingance, is an exposure pathway that affected everyone
in the contaminated area. Three special exposure scenarios are designed to maich the most likely
dietary habits and lifestyles in the vicinity of the Oak Ridge Reservaion. The firsd exposure
scenaio refers to individuds living in a "rurd fam" setting: thet is, they own land and livestock
and produce their own "backyard' cow milk, cheese, vegetables, and eggs. The intake for this
exposure scenario is obtained by adding the intakes from inhdation and from ingestion of
backyard cow’s milk, beef, leafy vegetables, eggs, and cheese. The doses and risks for this
exposure scenario are reported under the label "diet 1."

The second exposure scenario refers to individuas in a rurd area who do not own their own
dairy cows. However, they have some land and can produce their own vegetables and eggs, but
they purchase the necessary milk and cheese from nearby fams The intake for this exposure
scenario is obtained by adding the intekes from inhdation and from ingestion of localy produced
commercia milk, beef, leafy vegetables, eggs, and cheese. The doses and risks for this exposure
scenario are reported under the label "diet 2."

The third scenario refers to individuas in a more "urban” setting, who do not produce their own
food products. They buy milk and food products from the grocery store. The intake for this
exposure scenario is obtained by adding the intakes from ingestion of regiondly averaged
commercid milk and from inhdation. The contribution to the tota thyroid dose and risk of
cancer of other regionaly mixed food products is negligible compared to the contribution of
ingestion of milk. The doses and risks for this exposure scenario are reported under the label
"diet 3."

Given tha the doses and risks from ingestion of goat's milk are subgtantidly larger than the
doses and risks from any other exposure pathway, these results are reported separately under the
labe "diet 4".

Typicdly, pregnant women and lactating mothers are considered to be on diet 1," composed of
backyard cow’'s milk, al other nonmilk food products, and inhdation. For locations where
backyard cows are not present (eg., the city of Oak Ridge), pregnant women and lactating
mothers are consdered to be on "diet 3" composed only of regiondly mixed milk and
inhaaion. For a complete list of locations, and for the rationae on the choices of the exposure
pathways at a given location, the reader should consult Appendix 11A. Figure 11-C.1 shows the
locations of the reference locations used in the dose reconstruction for 232
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Figure 11C.1: Map Showing the 41 Reference L ocations for the **!I Dose Reconstruction
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Index of page numbers for results within Appendix 11-C

for specific combinations of location and birth year

Year of Birth
L ocation 1920 1930 1935 1940 1944 1950 1952 1954 1956
Barnardville 73 155 237 319 401 483 565 647 729
Bradbury 7 89 171 253 335 417 499 581 663
Buttermilk Rd. 15 97 179 261 343 425 507 539 671
Cedar Bluff 55 137 219 301 333 465 547 629 711
Cedar Grove 87 169 251 333 415 497 579 661 743
Claxton 59 141 223 305 387 469 551 633 715
Clinton 63 145 227 309 391 473 555 637 719
Dutch Valley 61 143 225 307 339 471 553 635 717
Dyllis 23 105 187 269 351 433 515 597 679
EFPC 11 93 175 257 339 21 503 585 667
Farragut 43 125 207 289 371 453 535 617 699
Friendsville 65 147 229 311 393 475 557 639 721
Gallaher Bend 9 91 173 255 337 419 501 583 665
Greenback 75 157 239 321 403 485 567 649 731
Hardin Valley 31 113 195 277 359 441 523 605 687
Harriman 53 135 217 299 331 463 545 627 709
Hines Valley 41 123 205 287 369 451 533 615 697
Hope Creek 13 95 177 259 341 423 505 587 669
Jonesville 17 9 181 263 345 427 509 591 673
Karns 49 131 213 295 377 459 541 623 705
Kingston 47 129 211 293 375 457 539 621 703
Knoxville 83 165 247 329 411 493 575 657 739
Lake City 79 161 243 325 407 489 571 653 735
Lawnville/Gallaher 21 103 185 267 349 431 513 595 677
Lenoir City 45 127 209 291 373 455 537 619 701
Loudon 51 133 215 297 379 461 543 625 707
Louisville 71 153 235 317 399 481 563 645 727
Maryville 85 167 249 331 413 495 577 659 741
Norwood 27 109 191 273 355 437 519 601 633
Oskdale 57 139 221 303 385 467 549 631 713
Oliver Springs 33 115 197 279 361 443 525 607 639
OR High School Area 25 107 189 271 353 435 517 599 681
OR Scarboro 19 101 183 265 347 429 511 593 675
OR Townsite 39 11 203 285 367 449 531 613 695
Rockford 7 159 241 323 405 487 569 651 733
Rockwood 69 151 233 315 397 479 561 643 725
Solway 35 117 199 281 363 445 527 609 691
Sugar Grove 37 119 201 283 365 447 529 611 693
Sweetwater 81 163 245 327 409 491 573 655 737
Wartburg 67 149 231 313 395 477 559 641 723
Woodland 29 111 193 275 357 439 521 603 685
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L ocation: Bradbury
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 14 7.2 41
Commercia Milk (locally produced) 0.23 15 10
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 2.4 18 120
Beef (locally produced) 0.0036 0.06 12
Leafy Vegetables (locally produced) 0.0013 0.015 0.13
Eggs (localy produced) 0.087 0.61 3.8
Cottage Cheese (locally produced) 0.0033 0.036 0.37
Inhalation 0.063 0.2 0.7
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.7 8.4 46
Diet 2 0.5 2.7 15
Diet 3 0.12 0.43 2
ExcessLifetimeRisk [ ]
Diet 1 2.0E-06 3.2E-05 4.8E-04
Diet 2 6.3E-07 1.0E-05 1.3E-04
Diet 3 1.5E-07 1.6E-06 1.7E-05
Diet 4 4.4E-06 7.4E-05 1.0E-03
Relative Risk [ ]
Diet 1 1.0013 1.012 1.14
Diet 2 1.00041 1.0037 1.051
Diet 3 1.000084 1.00063 1.0062
Diet 4 1.0026 1.026 1.4
Probability of Causation [%]
Diet 1 0.125 1.147 12.14
Diet 2 0.041 0.373 4.86
Diet 3 0.008 0.063 0.61
Diet 4 0.263 2512 28.51

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-7
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L ocation: Bradbury
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.7 8.9 49
Commercia Milk (locally produced) 0.29 19 12
Commercia Milk (regionally mixed) 0.045 0.25 15
Goat Milk (locally produced) 3.3 24 160
Beef (locally produced) 0.0061 0.093 2
Leafy Vegetables (locally produced) 0.0014 0.015 0.14
Eggs (localy produced) 0.094 0.66 4.5
Cottage Cheese (locally produced) 0.0036 0.036 0.39
Inhalation 0.076 0.26 0.88

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 2 10 56
Diet 2 0.62 3.2 18
Diet 3 0.14 0.55 2.3

ExcessLifetimeRisk [ ]

Diet 1 2.2E-07 1.2E-05 3.5E-04
Diet 2 8.8E-08 3.7E-06 1.4E-04
Diet 3 1.8E-08 6.7E-07 1.8E-05
Diet 4 5.3E-07 2.6E-05 1.1E-03

Relative Risk [ ]

Diet 1 1.00045 1.0095 1.28
Diet 2 1.00013 1.003 1.086
Diet 3 1.000027 1.00051 1.012
Diet 4 1.00073 1.023 1.75

Probability of Causation [%]

Diet 1 0.045 0.940 21.63
Diet 2 0.013 0.300 7.88
Diet 3 0.003 0.051 1.20
Diet 4 0.073 2.257 42.69

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-8
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L ocation: Gallaher Bend
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.7 9.2 48
Commercia Milk (locally produced) 0.32 19 12
Commercia Milk (regionally mixed) 0.037 0.2 1.3
Goat Milk (locally produced) 2.8 22 160
Beef (locally produced) 0.0041 0.072 15
Leafy Vegetables (locally produced) 0.0016 0.019 0.16
Eggs (localy produced) 0.12 0.77 4.5
Cottage Cheese (locally produced) 0.0045 0.044 0.43
Inhalation 0.074 0.25 0.83

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 2 10 56
Diet 2 0.63 3.3 18
Diet 3 0.14 0.48 2.1

ExcessLifetimeRisk [ ]

Diet 1 2.2E-06 4.0E-05 5.8E-04
Diet 2 7.7E-07 1.2E-05 1.6E-04
Diet 3 1.6E-07 1.8E-06 1.8E-05
Diet 4 5.1E-06 8.7E-05 1.4E-03

Relative Risk [ ]

Diet 1 1.0016 1.014 1.16
Diet 2 1.00049 1.0047 1.057
Diet 3 1.0001 1.00069 1.0067
Diet 4 1.003 1.032 1.49

Probability of Causation [%]

Diet 1 0.164 1.414 13.72
Diet 2 0.049 0.467 5.37
Diet 3 0.010 0.069 0.66
Diet 4 0.302 3.055 33.02

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-9
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L ocation: Gallaher Bend
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2 11 58
Commercia Milk (locally produced) 0.4 2.3 14
Commercia Milk (regionally mixed) 0.045 0.25 15
Goat Milk (locally produced) 3.9 30 200
Beef (locally produced) 0.0068 0.12 25
Leafy Vegetables (locally produced) 0.0017 0.019 0.16
Eggs (localy produced) 0.12 0.84 5.3
Cottage Cheese (locally produced) 0.0045 0.044 0.44
Inhalation 0.094 0.33 11

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 2.3 12 66
Diet 2 0.78 4 20
Diet 3 0.15 0.61 2.5

ExcessLifetimeRisk [ ]

Diet 1 2.8E-07 1.5E-05 3.9E-04
Diet 2 9.8E-08 4.8E-06 1.6E-04
Diet 3 2.0E-08 7.4E-07 1.9E-05
Diet 4 6.6E-07 3.4E-05 1.3E-03

Relative Risk [ ]

Diet 1 1.00051 1.011 1.32
Diet 2 1.00016 1.0036 111
Diet 3 1.000031 1.00057 1.013
Diet 4 1.00094 1.029 1.85

Probability of Causation [%]

Diet 1 0.051 1.112 24.45
Diet 2 0.016 0.359 9.64
Diet 3 0.003 0.057 1.27
Diet 4 0.094 2.840 45.81

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: EFPC
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.36 1.9 11
Commercia Milk (locally produced) 0.06 0.4 2.7
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.00097 0.016 0.35
Leafy Vegetables (locally produced) 0.00034 0.0039 0.033
Eggs (localy produced) 0.023 0.16 1
Cottage Cheese (locally produced) 0.0009 0.0092 0.096
Inhalation 0.016 0.055 0.19
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.42 2.2 12
Diet 2 0.13 0.69 3.9
Diet 3 0.06 0.26 15
ExcessLifetimeRisk [ ]
Diet 1 5.0E-07 8.0E-06 1.2E-04
Diet 2 1.7E-07 2.6E-06 3.5E-05
Diet 3 7.7E-08 9.9E-07 1.3E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00031 1.0031 1.035
Diet 2 1.00011 1.00097 1.012
Diet 3 1.000046 1.00039 1.0043
Diet 4 -- -- --
Probability of Causation [%]
Diet 1 0.031 0.307 3.33
Diet 2 0.011 0.097 1.21
Diet 3 0.005 0.039 0.43
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-11
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L ocation: EFPC
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.4 2.3 13
Commercia Milk (locally produced) 0.076 0.49 3.2
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0016 0.025 0.55
Leafy Vegetables (locally produced) 0.00036 0.0039 0.037
Eggs (localy produced) 0.025 0.17 1.2
Cottage Cheese (locally produced) 0.001 0.0091 0.095
Inhalation 0.019 0.071 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.48 2.6 14
Diet 2 0.16 0.84 4.7
Diet 3 0.075 0.33 1.7
ExcessLifetimeRisk [ ]
Diet 1 5.4E-08 3.1E-06 9.9E-05
Diet 2 2.2E-08 1.0E-06 3.5E-05
Diet 3 1.0E-08 4.1E-07 1.3E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00011 1.0024 1.079
Diet 2 1.000033 1.00077 1.024
Diet 3 1.000013 1.0003 1.0094
Diet 4 -- -- --
Probability of Causation [%]
Diet 1 0.011 0.236 7.28
Diet 2 0.003 0.077 2.33
Diet 3 0.001 0.030 0.93
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hope Creek
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.95 51 29
Commercia Milk (locally produced) 0.17 1 7.4
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0024 0.043 0.96
Leafy Vegetables (locally produced) 0.001 0.011 0.097
Eggs (localy produced) 0.065 0.44 2.8
Cottage Cheese (locally produced) 0.0026 0.025 0.27
Inhalation 0.045 0.15 0.51
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.1 5.9 34
Diet 2 0.37 1.8 11
Diet 3 0.097 0.37 1.8
ExcessLifetimeRisk [ ]
Diet 1 1.3E-06 2.2E-05 3.5E-04
Diet 2 4.7E-07 6.9E-06 9.9E-05
Diet 3 1.2E-07 1.4E-06 1.6E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00082 1.0085 1.091
Diet 2 1.00029 1.0026 1.035
Diet 3 1.000071 1.00054 1.0054
Diet 4 -- -- --
Probability of Causation [%]
Diet 1 0.082 0.843 8.34
Diet 2 0.029 0.263 3.35
Diet 3 0.007 0.054 0.53
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hope Creek
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 11 6.1 36
Commercia Milk (locally produced) 0.22 1.3 9.3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.004 0.067 15
Leafy Vegetables (locally produced) 0.001 0.011 0.099
Eggs (localy produced) 0.069 0.47 3.2
Cottage Cheese (locally produced) 0.0026 0.026 0.26
Inhalation 0.054 0.19 0.62
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.3 7 40
Diet 2 0.45 2.2 13
Diet 3 0.12 0.47 2.1

ExcessLifetimeRisk [ ]
Diet 1 1.5E-07 8.3E-06 2.5E-04
Diet 2 5.7E-08 2.8E-06 9.3E-05
Diet 3 1.5E-08 5.6E-07 1.5E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.0003 1.0064 1.18
Diet 2 1.000087 1.0021 1.058
Diet 3 1.000021 1.00043 1.011
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.030 0.635 15.06
Diet 2 0.009 0.206 5.44
Diet 3 0.002 0.043 1.12
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Buttermilk Rd.
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.92 51 29
Commercia Milk (locally produced) 0.17 1 7.3
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 1.6 12 88
Beef (locally produced) 0.0024 0.042 0.9
Leafy Vegetables (locally produced) 0.001 0.011 0.092
Eggs (localy produced) 0.064 0.43 2.7
Cottage Cheese (locally produced) 0.0026 0.024 0.25
Inhalation 0.046 0.15 0.52
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.1 5.8 34
Diet 2 0.36 1.8 11
Diet 3 0.098 0.37 1.8
ExcessLifetimeRisk [ ]
Diet 1 1.4E-06 2.2E-05 3.5E-04
Diet 2 4.4E-07 6.8E-06 9.3E-05
Diet 3 1.2E-07 1.4E-06 1.6E-05
Diet 4 3.0E-06 5.0E-05 7.8E-04
Relative Risk [ ]
Diet 1 1.00079 1.0084 1.091
Diet 2 1.00028 1.0027 1.032
Diet 3 1.00007 1.00055 1.0053
Diet 4 1.0018 1.018 1.29
Probability of Causation [%]
Diet 1 0.079 0.829 8.32
Diet 2 0.027 0.266 3.12
Diet 3 0.007 0.054 0.53
Diet 4 0.176 1.740 22.25

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Buttermilk Rd.
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 11 6 37
Commercia Milk (locally produced) 0.21 1.3 8.9
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 2.2 17 110
Beef (locally produced) 0.0038 0.066 14
Leafy Vegetables (locally produced) 0.001 0.011 0.094
Eggs (localy produced) 0.067 0.47 3
Cottage Cheese (locally produced) 0.0026 0.026 0.26
Inhalation 0.054 0.19 0.63
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.3 6.9 40
Diet 2 0.44 2.2 12
Diet 3 0.12 0.48 2.1

ExcessLifetimeRisk [ ]
Diet 1 1.3E-07 8.4E-06 2.3E-04
Diet 2 5.4E-08 2.8E-06 9.2E-05
Diet 3 1.5E-08 5.7E-07 1.5E-05
Diet 4 3.3E-07 1.9E-05 7.5E-04
Relative Risk [ ]
Diet 1 1.00031 1.0063 1.18
Diet 2 1.000087 1.002 1.058
Diet 3 1.000021 1.00043 1.011
Diet 4 1.00049 1.016 1.49
Probability of Causation [%]

Diet 1 0.031 0.631 15.07
Diet 2 0.009 0.197 5.46
Diet 3 0.002 0.043 1.12
Diet 4 0.049 1.599 32.72

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Jonesville
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.68 4.4
Commercia Milk (locally produced) 0.024 0.15 1
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.21 1.8 15
Beef (locally produced) 0.00033 0.0061 0.13
Leafy Vegetables (locally produced) 0.00013 0.0015 0.014
Eggs (localy produced) 0.0082 0.058 04
Cottage Cheese (locally produced) 0.00033 0.0035 0.043
Inhalation 0.0066 0.022 0.085
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.16 0.8 4.9
Diet 2 0.05 0.26 1.6
Diet 3 0.05 0.23 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.0E-07 3.1E-06 5.4E-05
Diet 2 6.6E-08 9.9E-07 1.6E-05
Diet 3 5.9E-08 8.5E-07 1.3E-05
Diet 4 4.2E-07 6.8E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.00011 1.0011 1.015
Diet 2 1.00004 1.00036 1.0048
Diet 3 1.000036 1.00034 1.0039
Diet 4 1.00022 1.0024 1.047
Probability of Causation [%]
Diet 1 0.011 0.112 1.43
Diet 2 0.004 0.036 0.48
Diet 3 0.004 0.034 0.39
Diet 4 0.022 0.239 4.52

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Jonesville
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.84 51
Commercia Milk (locally produced) 0.027 0.19 1.3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.31 24 19
Beef (locally produced) 0.00052 0.0097 0.2
Leafy Vegetables (locally produced) 0.00013 0.0015 0.016
Eggs (localy produced) 0.0095 0.063 0.47
Cottage Cheese (locally produced) 0.0003 0.0036 0.045
Inhalation 0.0085 0.028 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 0.97 5.9
Diet 2 0.063 0.32 2
Diet 3 0.06 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 1.9E-08 1.2E-06 3.9E-05
Diet 2 7.8E-09 3.7E-07 1.4E-05
Diet 3 8.4E-09 3.4E-07 1.3E-05
Diet 4 5.4E-08 2.6E-06 1.1E-04
Relative Risk [ ]
Diet 1 1.000039 1.00095 1.028
Diet 2 1.000012 1.00031 1.009
Diet 3 1.000011 1.00026 1.0081
Diet 4 1.000069 1.0024 1.073
Probability of Causation [%]
Diet 1 0.004 0.095 2.69
Diet 2 0.001 0.031 0.89
Diet 3 0.001 0.026 0.81
Diet 4 0.007 0.235 6.75

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing
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Appendix 11-C July 1999
L ocation: OR Scarboro
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.037 0.21 1.3
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0018 0.019 0.18
Inhalation 0.033 0.11 0.37
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.083 0.32 1.7

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.0E-07 1.2E-06 1.5E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000061 1.00049 1.0049
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.006 0.049 0.49
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR Scarboro
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0019 0.019 0.19
Inhalation 0.04 0.14 0.47
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.1 0.41 2
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.3E-08 5.0E-07 1.5E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000018 1.00037 1.011
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.002 0.037 1.04
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing
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Appendix 11-C July 1999
L ocation: Lawnville/Gallaher
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.98 4.8 25
Commercia Milk (locally produced) 0.18 1 6.9
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 15 12 83
Beef (locally produced) 0.0022 0.041 0.79
Leafy Vegetables (locally produced) 0.00099 0.011 0.083
Eggs (localy produced) 0.067 0.41 25
Cottage Cheese (locally produced) 0.0026 0.024 0.22
Inhalation 0.045 0.14 0.5
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.2 55 29
Diet 2 0.36 1.8 9.8
Diet 3 0.097 0.36 1.8

ExcessLifetimeRisk [ ]
Diet 1 1.3E-06 2.1E-05 3.4E-04
Diet 2 4.2E-07 6.6E-06 8.8E-05
Diet 3 1.2E-07 1.4E-06 1.6E-05
Diet 4 3.0E-06 4.5E-05 7.3E-04
Relative Risk [ ]
Diet 1 1.00088 1.008 1.082
Diet 2 1.00027 1.0025 1.03
Diet 3 1.000073 1.00054 1.0053
Diet 4 1.0017 1.017 1.24
Probability of Causation [%]

Diet 1 0.088 0.793 7.60
Diet 2 0.027 0.253 293
Diet 3 0.007 0.054 0.53
Diet 4 0.172 1.673 19.13

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Lawnville/Gallaher
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 12 5.7 30
Commercial Milk (localy produced) 0.21 1.2 8.5
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 21 16 100
Beef (locally produced) 0.0035 0.065 1.3
Leafy Vegetables (locally produced) 0.0011 0.01 0.081
Eggs (localy produced) 0.069 0.44 2.6
Cottage Cheese (locally produced) 0.0024 0.023 0.24
Inhalation 0.054 0.18 0.66
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.4 6.5 35
Diet 2 0.43 21 12
Diet 3 0.12 0.47 2.1

ExcessLifetimeRisk [ ]
Diet 1 1.3E-07 7.9E-06 2.3E-04
Diet 2 5.3E-08 2.5E-06 7.7E-05
Diet 3 1.4E-08 5.6E-07 1.5E-05
Diet 4 3.2E-07 1.7E-05 6.3E-04
Relative Risk [ ]
Diet 1 1.00029 1.006 1.16
Diet 2 1.000087 1.0019 1.057
Diet 3 1.000021 1.00042 1.011
Diet 4 1.00046 1.016 1.45
Probability of Causation [%]

Diet 1 0.029 0.600 13.99
Diet 2 0.009 0.191 541
Diet 3 0.002 0.042 1.10
Diet 4 0.046 1.570 30.97

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Dyllis
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.97 55
Commercia Milk (locally produced) 0.03 0.2 15
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.31 24 20
Beef (locally produced) 0.00053 0.008 0.16
Leafy Vegetables (locally produced) 0.00019 0.0021 0.019
Eggs (localy produced) 0.012 0.084 0.6
Cottage Cheese (locally produced) 0.00047 0.005 0.056
Inhalation 0.0087 0.03 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.2 1.1 6.3
Diet 2 0.071 0.36 2.2
Diet 3 0.05 0.23 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.8E-07 4.1E-06 6.8E-05
Diet 2 8.3E-08 1.4E-06 1.8E-05
Diet 3 6.4E-08 8.9E-07 1.3E-05
Diet 4 6.0E-07 9.9E-06 1.4E-04
Relative Risk [ ]
Diet 1 1.00017 1.0016 1.018
Diet 2 1.000063 1.0005 1.0066
Diet 3 1.00004 1.00035 1.004
Diet 4 1.00035 1.0034 1.055
Probability of Causation [%]
Diet 1 0.017 0.156 1.80
Diet 2 0.006 0.050 0.65
Diet 3 0.004 0.035 0.40
Diet 4 0.035 0.336 5.19

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Dyllis
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.19 11 6.6
Commercia Milk (locally produced) 0.042 0.24 1.8
Commercia Milk (regionally mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.44 3.2 24
Beef (locally produced) 0.00081 0.013 0.26
Leafy Vegetables (locally produced) 0.00019 0.0021 0.02
Eggs (localy produced) 0.012 0.089 0.68
Cottage Cheese (locally produced) 0.00044 0.0047 0.053
Inhalation 0.011 0.04 0.14

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.23 1.3 7.4
Diet 2 0.09 0.43 2.8
Diet 3 0.067 0.3 1.6

ExcessLifetimeRisk [ ]

Diet 1 2.8E-08 1.7E-06 5.3E-05
Diet 2 1.1E-08 5.3E-07 1.9E-05
Diet 3 9.1E-09 3.6E-07 1.3E-05
Diet 4 6.8E-08 3.6E-06 1.3E-04

Relative Risk [ ]

Diet 1 1.000054 1.0012 1.038
Diet 2 1.000015 1.00043 1.012
Diet 3 1.000012 1.00027 1.0084
Diet 4 1.0001 1.0032 1.091

Probability of Causation [%]

Diet 1 0.005 0.125 3.62
Diet 2 0.001 0.043 121
Diet 3 0.001 0.027 0.83
Diet 4 0.010 0.314 8.30

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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TASK 1 REPORT
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L ocation: OR High School Area

Receptor: Female born in 1920

Exposure Pathway

Thyroid Dose [cGY]
95% Subjective Confidence Interval
lower limit central estimate upper limit

Backyard Cow Milk

Commercia Milk (locally produced)
Commercia Milk (regionally mixed)
Goat Milk (locally produced)

Beef (locally produced)

Leafy Vegetables (locally produced)
Eggs (localy produced)

Cottage Cheese (locally produced)
Inhalation

Mother's milk (mother on Diet 3)
Prenatal exposure (mother on Diet 3)
Diet 1

Diet 2

Diet 3

0.0011 0.011 0.1
0.02 0.063 0.23

0.066 0.27 1.5

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

7.8E-08 1.0E-06 1.4E-05

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.00005 1.00041 1.0044

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.005 0.041 0.44

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR High School Area
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- -
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0012 0.011 0.094
Inhalation 0.025 0.082 0.28
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.083 0.35 1.8
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.1E-08 4.2E-07 1.4E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000014 1.00031 1.0096
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.001 0.031 0.95
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Norwood
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.89 5.8
Commercia Milk (locally produced) 0.028 0.19 14
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.28 2.3 21
Beef (locally produced) 0.00045 0.0077 0.18
Leafy Vegetables (locally produced) 0.0002 0.002 0.018
Eggs (localy produced) 0.01 0.077 0.54
Cottage Cheese (locally produced) 0.0004 0.0046 0.055
Inhalation 0.0082 0.029 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 1 6.6
Diet 2 0.061 0.34 2.2
Diet 3 0.049 0.23 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.6E-07 4.2E-06 6.7E-05
Diet 2 7.8E-08 1.3E-06 1.9E-05
Diet 3 6.2E-08 8.8E-07 1.3E-05
Diet 4 5.6E-07 9.0E-06 1.6E-04
Relative Risk [ ]
Diet 1 1.00016 1.0015 1.017
Diet 2 1.000051 1.00047 1.0061
Diet 3 1.000039 1.00035 1.004
Diet 4 1.0003 1.0032 1.051
Probability of Causation [%]
Diet 1 0.016 0.148 1.69
Diet 2 0.005 0.047 0.61
Diet 3 0.004 0.035 0.40
Diet 4 0.030 0.321 4.81

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Norwood
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.19 11 6.9
Commercia Milk (locally produced) 0.037 0.24 1.8
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.39 3 24
Beef (locally produced) 0.00074 0.012 0.28
Leafy Vegetables (locally produced) 0.00021 0.002 0.019
Eggs (localy produced) 0.011 0.083 0.59
Cottage Cheese (locally produced) 0.00044 0.0046 0.055
Inhalation 0.0098 0.037 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.23 1.2 8.2
Diet 2 0.074 0.41 2.7
Diet 3 0.064 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.7E-08 1.4E-06 4.9E-05
Diet 2 9.8E-09 4.6E-07 1.7E-05
Diet 3 8.7E-09 3.5E-07 1.3E-05
Diet 4 6.4E-08 3.3E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.000051 1.0012 1.037
Diet 2 1.000015 1.00039 1.013
Diet 3 1.000011 1.00027 1.0085
Diet 4 1.000092 1.003 1.098
Probability of Causation [%]
Diet 1 0.005 0.115 3.59
Diet 2 0.002 0.039 1.26
Diet 3 0.001 0.027 0.84
Diet 4 0.009 0.294 8.93

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Woodland
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0017 0.016 0.15
Inhalation 0.03 0.097 0.34
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.079 0.31 1.7
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 9.5E-08 1.2E-06 1.5E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000059 1.00047 1.0048
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.006 0.047 0.48
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Woodland

Receptor: Maleborn in 1920

Exposure Pathway

Thyroid Dose [cGY]
95% Subjective Confidence Interval
central estimate

lower limit upper limit

Backyard Cow Milk

Commercia Milk (locally produced)
Commercia Milk (regionally mixed)
Goat Milk (locally produced)

Beef (locally produced)

Leafy Vegetables (locally produced)
Eggs (localy produced)

Cottage Cheese (locally produced)
Inhalation

Mother's milk (mother on Diet 3)

Prenatal exposure (mother on Diet 3)

Diet 1
Diet 2
Diet 3

0.0016
0.037

0.4

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.2E-08 4.8E-07 1.4E-05

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.000017 1.00036

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.002 0.036

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hardin Valley
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.85 4.6 25
Commercia Milk (locally produced) 0.16 0.94 6.4
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 15 11 81
Beef (locally produced) 0.0023 0.037 0.75
Leafy Vegetables (locally produced) 0.0009 0.0096 0.08
Eggs (localy produced) 0.061 0.39 24
Cottage Cheese (locally produced) 0.0023 0.022 0.22
Inhalation 0.043 0.14 0.5
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1 53 29
Diet 2 0.33 1.7 9.8
Diet 3 0.098 0.36 1.8
ExcessLifetimeRisk [ ]
Diet 1 1.3E-06 1.9E-05 2.9E-04
Diet 2 4.1E-07 6.2E-06 8.0E-05
Diet 3 1.2E-07 1.3E-06 1.6E-05
Diet 4 2.6E-06 4.6E-05 6.3E-04
Relative Risk [ ]
Diet 1 1.00082 1.0073 1.079
Diet 2 1.00027 1.0023 1.027
Diet 3 1.000069 1.00054 1.0053
Diet 4 1.0017 1.016 1.25
Probability of Causation [%]
Diet 1 0.082 0.727 7.29
Diet 2 0.027 0.228 2.61
Diet 3 0.007 0.054 0.53
Diet 4 0.166 1.545 19.75

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hardin Valley
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1 55 30
Commercia Milk (locally produced) 0.21 12 7.7
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 2.2 15 97
Beef (locally produced) 0.0036 0.058 12
Leafy Vegetables (locally produced) 0.00089 0.0096 0.083
Eggs (localy produced) 0.06 041 2.8
Cottage Cheese (locally produced) 0.0023 0.023 0.22
Inhalation 0.054 0.18 0.61
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.2 6.4 35
Diet 2 0.42 2 11
Diet 3 0.12 0.47 2.1

ExcessLifetimeRisk [ ]
Diet 1 1.3E-07 7.6E-06 2.1E-04
Diet 2 5.1E-08 2.4E-06 8.2E-05
Diet 3 1.4E-08 5.6E-07 1.6E-05
Diet 4 3.1E-07 1.7E-05 6.1E-04
Relative Risk [ ]
Diet 1 1.00028 1.0057 1.16
Diet 2 1.000081 1.0019 1.056
Diet 3 1.000022 1.00042 1.011
Diet 4 1.00044 1.014 1.44
Probability of Causation [%]

Diet 1 0.028 0.567 13.63
Diet 2 0.008 0.185 5.30
Diet 3 0.002 0.042 1.11
Diet 4 0.044 1.406 30.41

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Oliver Springs
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.13 0.68 4
Commercia Milk (locally produced) 0.022 0.15 1
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.21 1.8 14
Beef (locally produced) 0.00034 0.006 0.13
Leafy Vegetables (locally produced) 0.00013 0.0015 0.014
Eggs (localy produced) 0.0089 0.059 0.43
Cottage Cheese (locally produced) 0.00033 0.0035 0.038
Inhalation 0.0067 0.022 0.085
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.15 0.79 4.7
Diet 2 0.051 0.26 1.6
Diet 3 0.047 0.23 1.4
ExcessLifetimeRisk [ ]
Diet 1 1.8E-07 3.0E-06 5.3E-05
Diet 2 6.2E-08 9.7E-07 1.5E-05
Diet 3 6.0E-08 8.5E-07 1.3E-05
Diet 4 4.0E-07 6.7E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.00011 1.0011 1.013
Diet 2 1.000037 1.00036 1.0049
Diet 3 1.000037 1.00034 1.004
Diet 4 1.00022 1.0025 1.04
Probability of Causation [%]
Diet 1 0.011 0.115 1.30
Diet 2 0.004 0.036 0.49
Diet 3 0.004 0.034 0.40
Diet 4 0.022 0.254 3.87

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Oliver Springs
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.15 0.82 4.8
Commercia Milk (locally produced) 0.028 0.18 1.3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.29 2.3 17
Beef (locally produced) 0.00055 0.0093 0.2
Leafy Vegetables (locally produced) 0.00013 0.0015 0.014
Eggs (localy produced) 0.0092 0.063 0.44
Cottage Cheese (locally produced) 0.00032 0.0035 0.037
Inhalation 0.0082 0.029 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.17 0.95 5.6
Diet 2 0.06 0.31 2
Diet 3 0.058 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.0E-08 1.2E-06 3.8E-05
Diet 2 7.6E-09 3.7E-07 1.3E-05
Diet 3 8.6E-09 3.4E-07 1.3E-05
Diet 4 4.7E-08 2.8E-06 9.5E-05
Relative Risk [ ]
Diet 1 1.00004 1.00091 1.026
Diet 2 1.000012 1.00031 1.009
Diet 3 1.000011 1.00026 1.0083
Diet 4 1.000065 1.0023 1.071
Probability of Causation [%]
Diet 1 0.004 0.091 250
Diet 2 0.001 0.031 0.89
Diet 3 0.001 0.026 0.82
Diet 4 0.006 0.229 6.59

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Solway
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.82 4.2 23
Commercia Milk (locally produced) 0.15 0.86 5.9
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 1.3 10 69
Beef (locally produced) 0.002 0.034 0.69
Leafy Vegetables (locally produced) 0.00086 0.009 0.071
Eggs (localy produced) 0.055 0.34 2.1
Cottage Cheese (locally produced) 0.0021 0.02 0.21
Inhalation 0.041 0.13 0.45
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.98 4.8 26
Diet 2 0.3 15 8.6
Diet 3 0.096 0.35 1.8
ExcessLifetimeRisk [ ]
Diet 1 1.2E-06 1.8E-05 2.7E-04
Diet 2 3.7E-07 5.7E-06 7.0E-05
Diet 3 1.1E-07 1.3E-06 1.6E-05
Diet 4 2.4E-06 4.0E-05 6.2E-04
Relative Risk [ ]
Diet 1 1.00068 1.0067 1.069
Diet 2 1.00023 1.0022 1.025
Diet 3 1.000065 1.00053 1.0051
Diet 4 1.0016 1.014 1.24
Probability of Causation [%]
Diet 1 0.068 0.668 6.47
Diet 2 0.023 0.218 242
Diet 3 0.006 0.053 0.51
Diet 4 0.158 1.424 19.48

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Solway
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.95 51 28
Commercia Milk (locally produced) 0.18 11 6.8
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 2 14 91
Beef (locally produced) 0.0032 0.054 11
Leafy Vegetables (locally produced) 0.00084 0.0088 0.078
Eggs (localy produced) 0.059 0.38 25
Cottage Cheese (locally produced) 0.002 0.021 0.22
Inhalation 0.051 0.17 0.55
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.1 5.9 33
Diet 2 0.39 1.8 10
Diet 3 0.12 0.45 2

ExcessLifetimeRisk [ ]
Diet 1 1.2E-07 6.8E-06 1.8E-04
Diet 2 4.7E-08 2.2E-06 8.1E-05
Diet 3 1.4E-08 5.5E-07 1.5E-05
Diet 4 2.7E-07 1.5E-05 6.1E-04
Relative Risk [ ]
Diet 1 1.00024 1.0054 1.15
Diet 2 1.000073 1.0017 1.049
Diet 3 1.000021 1.00042 1.011
Diet 4 1.00038 1.013 1.42
Probability of Causation [%]

Diet 1 0.024 0.533 13.00
Diet 2 0.007 0.165 4.71
Diet 3 0.002 0.042 1.09
Diet 4 0.038 1.285 29.39

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Sugar Grove
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.33 1.7 10
Commercia Milk (locally produced) 0.059 0.36 25
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.56 4.2 31
Beef (locally produced) 0.00086 0.015 0.29
Leafy Vegetables (locally produced) 0.00034 0.0037 0.032
Eggs (localy produced) 0.023 0.14 0.92
Cottage Cheese (locally produced) 0.00084 0.0088 0.091
Inhalation 0.016 0.054 0.19
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.4 2 11
Diet 2 0.13 0.65 4
Diet 3 0.063 0.26 15
ExcessLifetimeRisk [ ]
Diet 1 4.6E-07 7.5E-06 1.2E-04
Diet 2 1.6E-07 2.4E-06 3.2E-05
Diet 3 7.8E-08 9.9E-07 1.3E-05
Diet 4 1.1E-06 1.7E-05 2.6E-04
Relative Risk [ ]
Diet 1 1.0003 1.0028 1.03
Diet 2 1.0001 1.00089 1.011
Diet 3 1.000047 1.00039 1.0043
Diet 4 1.00062 1.006 1.095
Probability of Causation [%]
Diet 1 0.030 0.279 294
Diet 2 0.010 0.089 1.05
Diet 3 0.005 0.039 0.42
Diet 4 0.062 0.595 8.54

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Sugar Grove
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.38 2.1 12
Commercia Milk (locally produced) 0.074 0.45 3.1
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.83 5.8 40
Beef (locally produced) 0.0014 0.023 0.47
Leafy Vegetables (locally produced) 0.00034 0.0036 0.034
Eggs (localy produced) 0.024 0.16 11
Cottage Cheese (locally produced) 0.00084 0.0086 0.091
Inhalation 0.02 0.071 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.46 25 13
Diet 2 0.16 0.77 4.7
Diet 3 0.078 0.33 1.7
ExcessLifetimeRisk [ ]
Diet 1 5.0E-08 2.9E-06 8.3E-05
Diet 2 2.0E-08 9.1E-07 3.2E-05
Diet 3 1.0E-08 4.1E-07 1.4E-05
Diet 4 1.2E-07 6.3E-06 2.5E-04
Relative Risk [ ]
Diet 1 1.000098 1.0023 1.063
Diet 2 1.00003 1.00072 1.022
Diet 3 1.000014 1.0003 1.0091
Diet 4 1.00016 1.0054 1.17
Probability of Causation [%]
Diet 1 0.010 0.227 591
Diet 2 0.003 0.072 211
Diet 3 0.001 0.030 0.91
Diet 4 0.016 0.541 14.28

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

Location: OR Townsite
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.00098 0.0092 0.093
Inhalation 0.018 0.06 0.21
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.064 0.26 15
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 7.9E-08 1.0E-06 1.3E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000048 1.0004 1.0043
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.005 0.040 0.43
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

Location: OR Townsite
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.00095 0.0096 0.094
Inhalation 0.022 0.076 0.26
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.08 0.34 1.7
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.0E-08 4.2E-07 1.4E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000014 1.00031 1.0095
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.001 0.031 0.94
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: HinesValley
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.41 2.1 12
Commercia Milk (locally produced) 0.073 0.43 3
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.65 5 37
Beef (locally produced) 0.00098 0.017 0.38
Leafy Vegetables (locally produced) 0.00044 0.0044 0.04
Eggs (localy produced) 0.027 0.18 11
Cottage Cheese (locally produced) 0.001 0.01 0.11
Inhalation 0.022 0.072 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.51 24 13
Diet 2 0.16 0.76 4.4
Diet 3 0.068 0.28 15
ExcessLifetimeRisk [ ]
Diet 1 5.4E-07 8.8E-06 1.4E-04
Diet 2 2.0E-07 2.9E-06 4.6E-05
Diet 3 8.2E-08 1.1E-06 1.4E-05
Diet 4 1.3E-06 2.0E-05 3.1E-04
Relative Risk [ ]
Diet 1 1.00037 1.0035 1.035
Diet 2 1.00012 1.0011 1.014
Diet 3 1.000051 1.00042 1.0045
Diet 4 1.00073 1.0073 1.12
Probability of Causation [%]
Diet 1 0.037 0.349 3.37
Diet 2 0.012 0.109 1.35
Diet 3 0.005 0.042 0.44
Diet 4 0.072 0.728 10.32

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: HinesValley
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.49 2.5 14
Commercia Milk (locally produced) 0.091 0.53 3.8
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.94 6.8 47
Beef (locally produced) 0.0016 0.027 0.62
Leafy Vegetables (locally produced) 0.00047 0.0045 0.041
Eggs (localy produced) 0.027 0.19 1.2
Cottage Cheese (locally produced) 0.001 0.011 0.11
Inhalation 0.026 0.091 0.31
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.57 29 16
Diet 2 0.19 0.91 5.3
Diet 3 0.085 0.36 1.8
ExcessLifetimeRisk [ ]
Diet 1 6.4E-08 3.5E-06 1.2E-04
Diet 2 2.6E-08 1.2E-06 4.1E-05
Diet 3 1.1E-08 4.3E-07 1.4E-05
Diet 4 1.5E-07 7.8E-06 3.0E-04
Relative Risk [ ]
Diet 1 1.00012 1.0027 1.075
Diet 2 1.000036 1.00087 1.023
Diet 3 1.000015 1.00033 1.0098
Diet 4 1.00018 1.0069 1.21
Probability of Causation [%]
Diet 1 0.012 0.266 6.95
Diet 2 0.004 0.087 2.25
Diet 3 0.001 0.033 0.97
Diet 4 0.018 0.680 17.20

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Farragut
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.46 2.3 13
Commercia Milk (locally produced) 0.078 0.49 3.3
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.79 6 44
Beef (locally produced) 0.0012 0.02 0.47
Leafy Vegetables (locally produced) 0.00042 0.0051 0.043
Eggs (localy produced) 0.03 0.2 1.3
Cottage Cheese (locally produced) 0.0011 0.012 0.11
Inhalation 0.024 0.08 0.28
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.56 2.7 15
Diet 2 0.18 0.86 4.7
Diet 3 0.073 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 6.4E-07 1.0E-05 1.7E-04
Diet 2 2.2E-07 3.3E-06 4.1E-05
Diet 3 8.6E-08 1.1E-06 1.4E-05
Diet 4 1.4E-06 2.4E-05 3.5E-04
Relative Risk [ ]
Diet 1 1.00039 1.0038 1.04
Diet 2 1.00014 1.0012 1.015
Diet 3 1.000054 1.00044 1.0045
Diet 4 1.00088 1.0083 1.13
Probability of Causation [%]
Diet 1 0.039 0.379 3.83
Diet 2 0.014 0.124 1.52
Diet 3 0.005 0.044 0.45
Diet 4 0.088 0.823 11.35

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Farragut
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.54 2.8 16
Commercia Milk (locally produced) 0.1 0.6 3.8
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 11 8.1 55
Beef (locally produced) 0.0019 0.031 0.76
Leafy Vegetables (locally produced) 0.00046 0.005 0.046
Eggs (localy produced) 0.032 0.21 15
Cottage Cheese (locally produced) 0.0012 0.012 0.11
Inhalation 0.028 0.1 0.34
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.65 3.2 18
Diet 2 0.22 1 5.6
Diet 3 0.089 0.37 1.8
ExcessLifetimeRisk [ ]
Diet 1 7.2E-08 3.9E-06 1.3E-04
Diet 2 3.0E-08 1.2E-06 4.8E-05
Diet 3 1.1E-08 4.5E-07 1.4E-05
Diet 4 1.7E-07 8.2E-06 3.7E-04
Relative Risk [ ]
Diet 1 1.00015 1.003 1.087
Diet 2 1.000044 1.00097 1.029
Diet 3 1.000015 1.00033 1.0099
Diet 4 1.00024 1.0075 1.23
Probability of Causation [%]
Diet 1 0.015 0.296 8.02
Diet 2 0.004 0.097 2.79
Diet 3 0.002 0.033 0.98
Diet 4 0.024 0.745 18.82

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Lenoir City
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.29 14 7.9
Commercia Milk (locally produced) 0.051 0.3 2
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.00066 0.012 0.23
Leafy Vegetables (locally produced) 0.00035 0.0031 0.025
Eggs (localy produced) 0.019 0.12 0.83
Cottage Cheese (locally produced) 0.00071 0.0073 0.07
Inhalation 0.015 0.05 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.34 1.7 8.7
Diet 2 0.12 0.51 2.8
Diet 3 0.061 0.26 15

ExcessLifetimeRisk [ ]
Diet 1 3.9E-07 6.0E-06 1.1E-04
Diet 2 1.5E-07 2.0E-06 3.1E-05
Diet 3 7.5E-08 9.7E-07 1.3E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00028 1.0024 1.025
Diet 2 1.000088 1.00076 1.0091
Diet 3 1.000046 1.00039 1.0042
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.028 0.238 247
Diet 2 0.009 0.076 0.90
Diet 3 0.005 0.039 0.42
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Lenoir City
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.35 1.7 8.8
Commercia Milk (locally produced) 0.061 0.37 2.4
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0011 0.019 0.36
Leafy Vegetables (locally produced) 0.00034 0.003 0.024
Eggs (localy produced) 0.021 0.13 0.79
Cottage Cheese (locally produced) 0.0007 0.0072 0.074
Inhalation 0.019 0.063 0.23
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.41 2 9.9
Diet 2 0.14 0.62 34
Diet 3 0.073 0.33 1.7

ExcessLifetimeRisk [ ]
Diet 1 3.7E-08 2.4E-06 6.9E-05
Diet 2 1.6E-08 7.7E-07 2.3E-05
Diet 3 9.9E-09 4.1E-07 1.3E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.000092 1.0018 1.045
Diet 2 1.000027 1.00061 1.018
Diet 3 1.000014 1.00029 1.0093
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.009 0.180 4.28
Diet 2 0.003 0.061 1.73
Diet 3 0.001 0.029 0.92
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Kingston
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.34 1.9 10
Commercia Milk (locally produced) 0.062 0.38 25
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.59 4.6 33
Beef (locally produced) 0.00096 0.016 0.33
Leafy Vegetables (locally produced) 0.00037 0.0039 0.033
Eggs (localy produced) 0.023 0.15 0.98
Cottage Cheese (locally produced) 0.00095 0.0092 0.084
Inhalation 0.02 0.065 0.23
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.42 2.2 12
Diet 2 0.15 0.68 4
Diet 3 0.066 0.27 1.6
ExcessLifetimeRisk [ ]
Diet 1 4.7E-07 7.8E-06 1.2E-04
Diet 2 1.6E-07 2.6E-06 3.4E-05
Diet 3 8.1E-08 1.0E-06 1.4E-05
Diet 4 1.2E-06 1.7E-05 2.8E-04
Relative Risk [ ]
Diet 1 1.00034 1.003 1.031
Diet 2 1.00011 1.00098 1.011
Diet 3 1.00005 1.00041 1.0043
Diet 4 1.0007 1.0065 1.092
Probability of Causation [%]
Diet 1 0.034 0.300 3.01
Diet 2 0.011 0.097 1.06
Diet 3 0.005 0.041 0.43
Diet 4 0.070 0.648 8.41

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Kingston
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.4 2.2 12
Commercia Milk (locally produced) 0.083 0.47 3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.85 6.3 41
Beef (locally produced) 0.0015 0.024 0.52
Leafy Vegetables (locally produced) 0.00041 0.0039 0.034
Eggs (localy produced) 0.025 0.17 1
Cottage Cheese (locally produced) 0.00096 0.0094 0.088
Inhalation 0.024 0.083 0.29
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.49 2.6 14
Diet 2 0.18 0.82 4.7
Diet 3 0.081 0.35 1.8
ExcessLifetimeRisk [ ]
Diet 1 5.5E-08 3.0E-06 9.3E-05
Diet 2 2.2E-08 1.0E-06 3.2E-05
Diet 3 1.1E-08 4.2E-07 1.4E-05
Diet 4 1.1E-07 6.9E-06 2.7E-04
Relative Risk [ ]
Diet 1 1.0001 1.0024 1.065
Diet 2 1.000032 1.00074 1.023
Diet 3 1.000015 1.00032 1.0097
Diet 4 1.00017 1.0057 1.19
Probability of Causation [%]
Diet 1 0.010 0.235 6.13
Diet 2 0.003 0.074 2.26
Diet 3 0.001 0.032 0.96
Diet 4 0.017 0.572 15.61

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-48



131

| Releases from X-10 Radioactive Lanthanum Processing
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Appendix 11-C July 1999
L ocation: Karns
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.48 2.5 14
Commercia Milk (locally produced) 0.088 0.52 3.2
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.79 6.3 45
Beef (locally produced) 0.0012 0.021 0.43
Leafy Vegetables (locally produced) 0.00048 0.0054 0.043
Eggs (localy produced) 0.032 0.21 1.3
Cottage Cheese (locally produced) 0.0012 0.013 0.12
Inhalation 0.027 0.088 0.3
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.59 29 16
Diet 2 0.19 0.93 4.9
Diet 3 0.076 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 6.6E-07 1.1E-05 1.7E-04
Diet 2 2.4E-07 3.5E-06 4.5E-05
Diet 3 9.1E-08 1.2E-06 1.4E-05
Diet 4 1.5E-06 2.5E-05 4.0E-04
Relative Risk [ ]
Diet 1 1.00046 1.0041 1.042
Diet 2 1.00016 1.0014 1.015
Diet 3 1.000058 1.00045 1.0046
Diet 4 1.00094 1.0087 1.13
Probability of Causation [%]
Diet 1 0.046 0.404 4.01
Diet 2 0.016 0.136 151
Diet 3 0.006 0.045 0.46
Diet 4 0.094 0.865 11.82

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
Location: Karns
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.57 3 15
Commercia Milk (locally produced) 0.11 0.64 3.9
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 11 84 58
Beef (locally produced) 0.002 0.032 0.71
Leafy Vegetables (locally produced) 0.00049 0.0054 0.045
Eggs (localy produced) 0.035 0.23 15
Cottage Cheese (locally produced) 0.0013 0.012 0.11
Inhalation 0.032 0.11 0.38
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.68 35 17
Diet 2 0.24 1.1 5.8
Diet 3 0.093 0.39 19

ExcessLifetimeRisk [ ]
Diet 1 7.7E-08 4.3E-06 1.2E-04
Diet 2 3.0E-08 1.3E-06 4.6E-05
Diet 3 1.2E-08 4.7E-07 1.4E-05
Diet 4 1.8E-07 9.0E-06 3.8E-04
Relative Risk [ ]
Diet 1 1.00015 1.0033 1.088
Diet 2 1.000045 1.001 1.029
Diet 3 1.000016 1.00035 1.01
Diet 4 1.00027 1.008 1.24
Probability of Causation [%]

Diet 1 0.015 0.326 8.08
Diet 2 0.005 0.101 2.80
Diet 3 0.002 0.035 0.99
Diet 4 0.027 0.791 19.25

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-50



131

| Releases from X-10 Radioactive Lanthanum Processing
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Appendix 11-C July 1999
L ocation: Loudon
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.27 14 1.7
Commercia Milk (locally produced) 0.045 0.29 2
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.46 34 24
Beef (locally produced) 0.00072 0.012 0.24
Leafy Vegetables (locally produced) 0.00028 0.0029 0.025
Eggs (localy produced) 0.018 0.12 0.73
Cottage Cheese (locally produced) 0.00067 0.007 0.07
Inhalation 0.016 0.052 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.34 1.6 8.8
Diet 2 0.11 0.52 29
Diet 3 0.062 0.26 15
ExcessLifetimeRisk [ ]
Diet 1 3.7E-07 6.1E-06 9.7E-05
Diet 2 1.3E-07 2.0E-06 2.8E-05
Diet 3 7.4E-08 9.7E-07 1.3E-05
Diet 4 8.7E-07 1.4E-05 2.1E-04
Relative Risk [ ]
Diet 1 1.00025 1.0022 1.023
Diet 2 1.000084 1.00073 1.0082
Diet 3 1.000045 1.00038 1.0043
Diet 4 1.00049 1.0048 1.077
Probability of Causation [%]
Diet 1 0.025 0.222 2.25
Diet 2 0.008 0.073 0.81
Diet 3 0.005 0.038 0.42
Diet 4 0.049 0.479 7.15

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Loudon
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.33 1.7 9
Commercia Milk (locally produced) 0.059 0.37 2.3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.66 4.7 32
Beef (locally produced) 0.0012 0.018 0.38
Leafy Vegetables (locally produced) 0.00029 0.0029 0.027
Eggs (localy produced) 0.019 0.13 0.81
Cottage Cheese (locally produced) 0.00067 0.0069 0.072
Inhalation 0.019 0.067 0.23
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.39 2 11
Diet 2 0.13 0.64 35
Diet 3 0.075 0.33 1.7
ExcessLifetimeRisk [ ]
Diet 1 4.2E-08 2.3E-06 6.8E-05
Diet 2 1.8E-08 7.3E-07 2.5E-05
Diet 3 1.0E-08 4.0E-07 1.3E-05
Diet 4 1.1E-07 5.1E-06 2.1E-04
Relative Risk [ ]
Diet 1 1.000078 1.0019 1.049
Diet 2 1.000025 1.0006 1.017
Diet 3 1.000014 1.0003 1.0092
Diet 4 1.00013 1.0046 1.13
Probability of Causation [%]
Diet 1 0.008 0.187 4.68
Diet 2 0.003 0.060 1.63
Diet 3 0.001 0.030 0.91
Diet 4 0.013 0.458 11.37

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Harriman
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 0.82 4.5
Commercia Milk (locally produced) 0.03 0.17 12
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.25 2 14
Beef (locally produced) 0.00039 0.0071 0.13
Leafy Vegetables (locally produced) 0.0002 0.0018 0.015
Eggs (localy produced) 0.011 0.068 0.46
Cottage Cheese (locally produced) 0.00042 0.004 0.039
Inhalation 0.0085 0.028 0.1
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.2 0.96 5
Diet 2 0.066 0.29 1.7
Diet 3 0.051 0.23 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.3E-07 3.5E-06 5.9E-05
Diet 2 8.4E-08 1.2E-06 1.7E-05
Diet 3 6.4E-08 8.9E-07 1.3E-05
Diet 4 5.4E-07 7.9E-06 1.3E-04
Relative Risk [ ]
Diet 1 1.00015 1.0013 1.014
Diet 2 1.00005 1.00044 1.0052
Diet 3 1.000038 1.00035 1.004
Diet 4 1.00029 1.0028 1.04
Probability of Causation [%]
Diet 1 0.015 0.135 1.42
Diet 2 0.005 0.044 0.52
Diet 3 0.004 0.035 0.40
Diet 4 0.029 0.283 3.85

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Harriman
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.2 0.98 51
Commercia Milk (locally produced) 0.035 0.21 14
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.38 2.8 18
Beef (locally produced) 0.00063 0.011 0.21
Leafy Vegetables (locally produced) 0.00019 0.0017 0.014
Eggs (localy produced) 0.012 0.075 0.46
Cottage Cheese (locally produced) 0.00041 0.0041 0.042
Inhalation 0.011 0.035 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.24 1.1 5.9
Diet 2 0.08 0.36 2
Diet 3 0.061 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.1E-08 1.4E-06 4.0E-05
Diet 2 9.0E-09 4.4E-07 1.4E-05
Diet 3 8.6E-09 3.6E-07 1.3E-05
Diet 4 5.6E-08 3.1E-06 1.1E-04
Relative Risk [ ]
Diet 1 1.000051 1.001 1.026
Diet 2 1.000015 1.00035 1.01
Diet 3 1.000012 1.00027 1.0085
Diet 4 1.000077 1.0027 1.07
Probability of Causation [%]
Diet 1 0.005 0.104 2.56
Diet 2 0.002 0.035 0.99
Diet 3 0.001 0.027 0.85
Diet 4 0.008 0.271 6.54

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
Location: Cedar Bluff
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.39 1.9 11
Commercia Milk (locally produced) 0.072 0.4 2.8
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.62 4.7 35
Beef (locally produced) 0.00092 0.017 0.36
Leafy Vegetables (locally produced) 0.00042 0.0042 0.035
Eggs (localy produced) 0.026 0.17 1
Cottage Cheese (locally produced) 0.001 0.0097 0.098
Inhalation 0.022 0.072 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.47 2.3 13
Diet 2 0.15 0.72 4
Diet 3 0.068 0.28 15
ExcessLifetimeRisk [ ]
Diet 1 5.1E-07 8.3E-06 1.4E-04
Diet 2 1.8E-07 2.8E-06 4.1E-05
Diet 3 8.2E-08 1.1E-06 1.4E-05
Diet 4 1.2E-06 1.9E-05 2.8E-04
Relative Risk [ ]
Diet 1 1.00036 1.0033 1.032
Diet 2 1.00012 1.001 1.012
Diet 3 1.000052 1.00042 1.0044
Diet 4 1.0007 1.0069 1.11
Probability of Causation [%]
Diet 1 0.036 0.331 3.12
Diet 2 0.012 0.104 1.17
Diet 3 0.005 0.042 0.44
Diet 4 0.070 0.686 9.72

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Location: Cedar Bluff
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.46 24 13
Commercia Milk (locally produced) 0.09 0.51 34
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.9 6.4 42
Beef (locally produced) 0.0015 0.026 0.6
Leafy Vegetables (locally produced) 0.00044 0.0042 0.036
Eggs (localy produced) 0.027 0.18 11
Cottage Cheese (locally produced) 0.001 0.0098 0.1
Inhalation 0.026 0.092 0.31
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.53 2.7 14
Diet 2 0.18 0.87 4.9
Diet 3 0.086 0.36 1.8
ExcessLifetimeRisk [ ]
Diet 1 5.8E-08 3.3E-06 9.9E-05
Diet 2 2.4E-08 1.1E-06 3.6E-05
Diet 3 1.1E-08 4.3E-07 1.4E-05
Diet 4 1.4E-07 7.5E-06 2.7E-04
Relative Risk [ ]
Diet 1 1.00012 1.0025 1.069
Diet 2 1.000036 1.00081 1.021
Diet 3 1.000014 1.00033 1.0098
Diet 4 1.00018 1.0062 1.19
Probability of Causation [%]
Diet 1 0.012 0.249 6.41
Diet 2 0.004 0.081 2.10
Diet 3 0.001 0.033 0.97
Diet 4 0.018 0.616 15.92

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Location: Oakdale
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.083 0.46 2.8
Commercia Milk (locally produced) 0.015 0.099 0.66
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.13 11 8
Beef (locally produced) 0.00023 0.0039 0.079
Leafy Vegetables (locally produced) 0.000094 0.001 0.0081
Eggs (localy produced) 0.0054 0.04 0.25
Cottage Cheese (locally produced) 0.00023 0.0023 0.023
Inhalation 0.0049 0.016 0.061
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.1 0.54 31
Diet 2 0.034 0.17 0.98
Diet 3 0.045 0.22 1.4

ExcessLifetimeRisk [ ]
Diet 1 1.2E-07 2.0E-06 3.2E-05
Diet 2 4.4E-08 6.5E-07 9.4E-06
Diet 3 5.6E-08 8.3E-07 1.3E-05
Diet 4 2.5E-07 4.4E-06 7.3E-05
Relative Risk [ ]
Diet 1 1.000072 1.00077 1.0081
Diet 2 1.000026 1.00025 1.0029
Diet 3 1.000035 1.00033 1.0039
Diet 4 1.00015 1.0016 1.024
Probability of Causation [%]

Diet 1 0.007 0.077 0.81
Diet 2 0.003 0.025 0.29
Diet 3 0.003 0.033 0.39
Diet 4 0.015 0.159 2.32

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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TASK 1 REPORT

Appendix 11-C July 1999
Location: Oakdale
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.098 0.55 3.3
Commercia Milk (locally produced) 0.019 0.12 0.8
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.18 15 11
Beef (locally produced) 0.00036 0.0061 0.13
Leafy Vegetables (locally produced) 0.000094 0.001 0.0088
Eggs (localy produced) 0.0057 0.043 0.28
Cottage Cheese (locally produced) 0.00023 0.0024 0.026
Inhalation 0.0059 0.021 0.075
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.12 0.64 3.8
Diet 2 0.042 0.21 1.2
Diet 3 0.055 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 1.2E-08 7.7E-07 2.4E-05
Diet 2 5.1E-09 2.5E-07 8.6E-06
Diet 3 8.0E-09 3.2E-07 1.3E-05
Diet 4 3.1E-08 1.7E-06 7.0E-05
Relative Risk [ ]
Diet 1 1.000028 1.0006 1.017
Diet 2 1.0000077 1.00019 1.0055
Diet 3 1.00001 1.00025 1.0079
Diet 4 1.000045 1.0015 1.044
Probability of Causation [%]
Diet 1 0.003 0.060 1.72
Diet 2 0.001 0.019 0.54
Diet 3 0.001 0.025 0.78
Diet 4 0.005 0.154 4.16

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Claxton
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.32 1.6 9.1
Commercia Milk (locally produced) 0.06 0.34 2.3
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.55 4 29
Beef (locally produced) 0.00078 0.014 0.3
Leafy Vegetables (locally produced) 0.00034 0.0036 0.029
Eggs (localy produced) 0.022 0.14 0.85
Cottage Cheese (locally produced) 0.00084 0.008 0.082
Inhalation 0.018 0.059 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.39 1.9 10
Diet 2 0.13 0.6 3.3
Diet 3 0.064 0.26 15
ExcessLifetimeRisk [ ]
Diet 1 4.5E-07 7.1E-06 1.1E-04
Diet 2 1.6E-07 2.3E-06 3.4E-05
Diet 3 7.8E-08 1.0E-06 1.3E-05
Diet 4 9.9E-07 1.6E-05 24E-04
Relative Risk [ ]
Diet 1 1.00029 1.0027 1.027
Diet 2 1.000099 1.00087 1.0098
Diet 3 1.000048 1.0004 1.0043
Diet 4 1.0006 1.0057 1.087
Probability of Causation [%]
Diet 1 0.029 0.274 2.61
Diet 2 0.010 0.087 0.97
Diet 3 0.005 0.040 0.43
Diet 4 0.060 0.569 8.02

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Claxton
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.39 2 11
Commercia Milk (locally produced) 0.075 0.42 2.8
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.78 54 36
Beef (locally produced) 0.0013 0.022 0.49
Leafy Vegetables (locally produced) 0.00036 0.0035 0.03
Eggs (localy produced) 0.023 0.15 0.93
Cottage Cheese (locally produced) 0.00085 0.0082 0.08
Inhalation 0.022 0.077 0.25
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.45 2.3 12
Diet 2 0.16 0.73 4
Diet 3 0.08 0.34 1.7
ExcessLifetimeRisk [ ]
Diet 1 4.9E-08 2.7E-06 8.3E-05
Diet 2 2.0E-08 9.0E-07 3.1E-05
Diet 3 1.1E-08 4.2E-07 1.3E-05
Diet 4 1.2E-07 6.2E-06 2.2E-04
Relative Risk [ ]
Diet 1 1.000096 1.0021 1.056
Diet 2 1.00003 1.00068 1.018
Diet 3 1.000014 1.00031 1.0095
Diet 4 1.00015 1.0052 1.16
Probability of Causation [%]
Diet 1 0.010 0.208 5.29
Diet 2 0.003 0.068 1.81
Diet 3 0.001 0.031 0.95
Diet 4 0.015 0.519 13.74

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Dutch Valley
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.15 0.79 4.3
Commercia Milk (locally produced) 0.029 0.17 11
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.23 19 14
Beef (locally produced) 0.00036 0.0066 0.12
Leafy Vegetables (locally produced) 0.00017 0.0017 0.014
Eggs (localy produced) 0.01 0.067 0.43
Cottage Cheese (locally produced) 0.00039 0.004 0.038
Inhalation 0.0083 0.028 0.099
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.18 0.93 4.7
Diet 2 0.062 0.29 15
Diet 3 0.05 0.23 1.4

ExcessLifetimeRisk [ ]
Diet 1 2.0E-07 3.4E-06 5.4E-05
Diet 2 7.6E-08 1.1E-06 1.6E-05
Diet 3 6.3E-08 8.8E-07 1.3E-05
Diet 4 4.6E-07 7.7E-06 1.3E-04
Relative Risk [ ]
Diet 1 1.00016 1.0013 1.013
Diet 2 1.000049 1.00043 1.005
Diet 3 1.000039 1.00035 1.004
Diet 4 1.00027 1.0028 1.042
Probability of Causation [%]

Diet 1 0.016 0.129 1.31
Diet 2 0.005 0.043 0.50
Diet 3 0.004 0.035 0.40
Diet 4 0.027 0.276 3.99

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Dutch Valley
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.95 4.8
Commercia Milk (locally produced) 0.034 0.2 1.3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.33 2.6 18
Beef (locally produced) 0.00061 0.01 0.2
Leafy Vegetables (locally produced) 0.00017 0.0017 0.014
Eggs (localy produced) 0.011 0.073 0.44
Cottage Cheese (locally produced) 0.0004 0.0039 0.039
Inhalation 0.01 0.036 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.1 55
Diet 2 0.073 0.35 1.9
Diet 3 0.061 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.3E-08 1.3E-06 3.6E-05
Diet 2 9.1E-09 4.3E-07 1.3E-05
Diet 3 8.8E-09 3.6E-07 1.3E-05
Diet 4 5.9E-08 2.9E-06 1.1E-04
Relative Risk [ ]
Diet 1 1.000048 1.001 1.026
Diet 2 1.000015 1.00033 1.0094
Diet 3 1.000012 1.00027 1.0085
Diet 4 1.000074 1.0026 1.068
Probability of Causation [%]
Diet 1 0.005 0.102 2.56
Diet 2 0.001 0.033 0.93
Diet 3 0.001 0.027 0.84
Diet 4 0.007 0.259 6.33

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Clinton
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 13 7.3
Commercia Milk (locally produced) 0.045 0.26 1.8
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.41 3.1 22
Beef (locally produced) 0.0006 0.011 0.23
Leafy Vegetables (locally produced) 0.00026 0.0028 0.022
Eggs (localy produced) 0.017 0.11 0.66
Cottage Cheese (locally produced) 0.00066 0.0062 0.059
Inhalation 0.014 0.046 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.3 15 8.3
Diet 2 0.093 0.47 25
Diet 3 0.058 0.25 15
ExcessLifetimeRisk [ ]
Diet 1 3.4E-07 5.6E-06 8.9E-05
Diet 2 1.2E-07 1.8E-06 2.4E-05
Diet 3 7.0E-08 9.6E-07 1.3E-05
Diet 4 7.2E-07 1.2E-05 1.8E-04
Relative Risk [ ]
Diet 1 1.00021 1.0021 1.021
Diet 2 1.000072 1.00068 1.0074
Diet 3 1.000043 1.00038 1.0042
Diet 4 1.00048 1.0044 1.07
Probability of Causation [%]
Diet 1 0.021 0.214 2.09
Diet 2 0.007 0.068 0.74
Diet 3 0.004 0.038 0.41
Diet 4 0.048 0.442 6.56

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Clinton
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.28 15 8.6
Commercia Milk (locally produced) 0.056 0.33 2.1
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.56 4.2 27
Beef (locally produced) 0.001 0.016 0.37
Leafy Vegetables (locally produced) 0.00027 0.0027 0.023
Eggs (localy produced) 0.017 0.12 0.74
Cottage Cheese (locally produced) 0.00065 0.0064 0.064
Inhalation 0.017 0.058 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.33 1.8 9.8
Diet 2 0.12 0.57 31
Diet 3 0.072 0.32 1.7
ExcessLifetimeRisk [ ]
Diet 1 3.5E-08 2.2E-06 6.1E-05
Diet 2 1.5E-08 7.1E-07 2.4E-05
Diet 3 9.5E-09 3.9E-07 1.3E-05
Diet 4 8.7E-08 4.9E-06 1.8E-04
Relative Risk [ ]
Diet 1 1.00008 1.0016 1.045
Diet 2 1.000023 1.00051 1.015
Diet 3 1.000013 1.00029 1.0091
Diet 4 1.00012 1.004 1.12
Probability of Causation [%]
Diet 1 0.008 0.162 4.34
Diet 2 0.002 0.051 1.49
Diet 3 0.001 0.029 0.91
Diet 4 0.012 0.395 10.86

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Friendsville
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.13 0.71 4.1
Commercia Milk (locally produced) 0.024 0.15 1
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.21 17 15
Beef (locally produced) 0.00035 0.006 0.14
Leafy Vegetables (locally produced) 0.00014 0.0016 0.013
Eggs (localy produced) 0.0087 0.064 0.42
Cottage Cheese (locally produced) 0.00031 0.0036 0.035
Inhalation 0.0088 0.031 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.17 0.84 4.6
Diet 2 0.053 0.28 1.4
Diet 3 0.05 0.24 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.1E-07 3.2E-06 5.4E-05
Diet 2 7.6E-08 1.1E-06 1.3E-05
Diet 3 6.4E-08 8.9E-07 1.3E-05
Diet 4 4.1E-07 6.9E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.00013 1.0012 1.012
Diet 2 1.000048 1.0004 1.0045
Diet 3 1.00004 1.00035 1.004
Diet 4 1.00026 1.0026 1.038
Probability of Causation [%]
Diet 1 0.013 0.120 1.19
Diet 2 0.005 0.040 0.45
Diet 3 0.004 0.035 0.40
Diet 4 0.026 0.259 3.65

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Friendsville
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.85 4.6
Commercia Milk (locally produced) 0.03 0.19 11
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.31 24 18
Beef (locally produced) 0.0006 0.0095 0.21
Leafy Vegetables (locally produced) 0.00014 0.0016 0.013
Eggs (localy produced) 0.0099 0.065 0.47
Cottage Cheese (locally produced) 0.00034 0.0035 0.035
Inhalation 0.01 0.04 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 0.99 52
Diet 2 0.064 0.33 1.6
Diet 3 0.065 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.3E-08 1.3E-06 3.9E-05
Diet 2 9.0E-09 3.9E-07 1.4E-05
Diet 3 9.0E-09 3.6E-07 1.3E-05
Diet 4 5.5E-08 2.7E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.000043 1.00094 1.026
Diet 2 1.000013 1.00031 1.0086
Diet 3 1.000011 1.00027 1.0085
Diet 4 1.000081 1.0024 1.07
Probability of Causation [%]
Diet 1 0.004 0.094 2.52
Diet 2 0.001 0.031 0.85
Diet 3 0.001 0.027 0.84
Diet 4 0.008 0.235 6.57

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Wartburg
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.033 0.2 1.2
Commercia Milk (locally produced) 0.0059 0.042 0.3
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.061 0.51 3.8
Beef (locally produced) 0.00011 0.0017 0.039
Leafy Vegetables (locally produced) 0.000039 0.00041 0.004
Eggs (localy produced) 0.0021 0.017 0.11
Cottage Cheese (locally produced) 0.00008 0.001 0.01
Inhalation 0.002 0.0073 0.03
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.042 0.23 1.3
Diet 2 0.014 0.075 0.48
Diet 3 0.04 0.21 1.4

ExcessLifetimeRisk [ ]
Diet 1 4.8E-08 8.4E-07 1.7E-05
Diet 2 1.7E-08 2.8E-07 4.1E-06
Diet 3 5.3E-08 7.9E-07 1.3E-05
Diet 4 1.0E-07 1.8E-06 3.1E-05
Relative Risk [ ]
Diet 1 1.000034 1.00031 1.0041
Diet 2 1.000012 1.00011 1.0015
Diet 3 1.000032 1.00032 1.0038
Diet 4 1.000068 1.00069 1.011
Probability of Causation [%]

Diet 1 0.003 0.032 0.41
Diet 2 0.001 0.011 0.15
Diet 3 0.003 0.032 0.38
Diet 4 0.007 0.069 1.09

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Wartburg
Receptor: Maleborn in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.04 0.23 13
Commercia Milk (locally produced) 0.008 0.053 0.37
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.088 0.69 4.8
Beef (locally produced) 0.00018 0.0025 0.059
Leafy Vegetables (locally produced) 0.000038 0.00043 0.004
Eggs (localy produced) 0.0022 0.018 0.12
Cottage Cheese (locally produced) 0.000084 0.001 0.01
Inhalation 0.0025 0.0095 0.037
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.049 0.27 15
Diet 2 0.016 0.088 0.55
Diet 3 0.049 0.26 1.6

ExcessLifetimeRisk [ ]
Diet 1 5.8E-09 3.3E-07 1.1E-05
Diet 2 2.2E-09 1.1E-07 3.5E-06
Diet 3 7.6E-09 3.0E-07 1.3E-05
Diet 4 1.4E-08 7.3E-07 2.9E-05
Relative Risk [ ]
Diet 1 1.0000099 1.00026 1.0065
Diet 2 1.0000029 1.000082 1.0024
Diet 3 1.0000099 1.00024 1.0074
Diet 4 1.000018 1.00064 1.019
Probability of Causation [%]

Diet 1 0.001 0.026 0.65
Diet 2 -- 0.008 0.24
Diet 3 0.001 0.024 0.73
Diet 4 0.002 0.064 1.83

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Rockwood
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.84 4.6
Commercia Milk (locally produced) 0.028 0.17 12
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.28 2 15
Beef (locally produced) 0.00043 0.0069 0.16
Leafy Vegetables (locally produced) 0.00017 0.0018 0.015
Eggs (localy produced) 0.011 0.069 0.45
Cottage Cheese (locally produced) 0.00041 0.0043 0.039
Inhalation 0.0095 0.032 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 0.98 52
Diet 2 0.065 0.31 1.7
Diet 3 0.052 0.24 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.2E-07 3.6E-06 5.8E-05
Diet 2 7.6E-08 1.2E-06 1.6E-05
Diet 3 6.4E-08 8.8E-07 1.3E-05
Diet 4 5.1E-07 8.3E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.00016 1.0013 1.014
Diet 2 1.000051 1.00044 1.0048
Diet 3 1.00004 1.00035 1.004
Diet 4 1.0003 1.0029 1.042
Probability of Causation [%]
Diet 1 0.016 0.135 1.34
Diet 2 0.005 0.044 0.47
Diet 3 0.004 0.035 0.40
Diet 4 0.030 0.287 3.99

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Rockwood
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.19 1 54
Commercia Milk (locally produced) 0.038 0.22 14
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.39 2.8 19
Beef (locally produced) 0.00069 0.011 0.24
Leafy Vegetables (locally produced) 0.00017 0.0017 0.016
Eggs (localy produced) 0.011 0.075 0.47
Cottage Cheese (locally produced) 0.00044 0.0041 0.04
Inhalation 0.011 0.042 0.14

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.22 1.2 6.2
Diet 2 0.082 0.37 2
Diet 3 0.064 0.3 1.6

ExcessLifetimeRisk [ ]

Diet 1 2.6E-08 1.3E-06 4.2E-05
Diet 2 1.1E-08 4.3E-07 1.6E-05
Diet 3 9.0E-09 3.5E-07 1.3E-05
Diet 4 6.3E-08 2.9E-06 1.2E-04

Relative Risk [ ]

Diet 1 1.000048 1.0011 1.03
Diet 2 1.000016 1.00035 1.01
Diet 3 1.000012 1.00027 1.0086
Diet 4 1.000071 1.0027 1.079

Probability of Causation [%]

Diet 1 0.005 0.106 291
Diet 2 0.002 0.035 1.01
Diet 3 0.001 0.027 0.85
Diet 4 0.007 0.269 1.27

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Louisville
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.14 0.77 4
Commercia Milk (locally produced) 0.026 0.16 11
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.23 19 14
Beef (locally produced) 0.00039 0.0064 0.13
Leafy Vegetables (locally produced) 0.00016 0.0016 0.014
Eggs (localy produced) 0.0094 0.064 0.42
Cottage Cheese (locally produced) 0.00036 0.0038 0.036
Inhalation 0.0093 0.032 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.17 0.9 4.6
Diet 2 0.06 0.29 1.6
Diet 3 0.052 0.24 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.0E-07 3.3E-06 5.3E-05
Diet 2 7.6E-08 1.1E-06 1.6E-05
Diet 3 6.5E-08 9.0E-07 1.3E-05
Diet 4 4.3E-07 7.1E-06 1.3E-04
Relative Risk [ ]
Diet 1 1.00015 1.0012 1.013
Diet 2 1.00005 1.00041 1.0047
Diet 3 1.000041 1.00035 1.004
Diet 4 1.00027 1.0027 1.038
Probability of Causation [%]
Diet 1 0.015 0.124 1.27
Diet 2 0.005 0.041 0.46
Diet 3 0.004 0.035 0.40
Diet 4 0.027 0.266 3.65

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Louisville
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.9 4.6
Commercia Milk (locally produced) 0.032 0.2 12
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.33 2.6 18
Beef (locally produced) 0.00062 0.01 0.2
Leafy Vegetables (locally produced) 0.00016 0.0016 0.014
Eggs (localy produced) 0.01 0.07 0.44
Cottage Cheese (locally produced) 0.00036 0.0038 0.037
Inhalation 0.012 0.041 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.2 1.1 53
Diet 2 0.073 0.35 19
Diet 3 0.064 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.3E-08 1.3E-06 3.7E-05
Diet 2 9.3E-09 4.2E-07 1.3E-05
Diet 3 9.0E-09 3.7E-07 1.3E-05
Diet 4 5.4E-08 2.8E-06 1.1E-04
Relative Risk [ ]
Diet 1 1.000042 1.001 1.025
Diet 2 1.000014 1.00032 1.0094
Diet 3 1.000012 1.00027 1.0087
Diet 4 1.00007 1.0025 1.066
Probability of Causation [%]
Diet 1 0.004 0.099 245
Diet 2 0.001 0.032 0.93
Diet 3 0.001 0.027 0.86
Diet 4 0.007 0.247 6.15

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Barnardville
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 0.88 4.8
Commercia Milk (locally produced) 0.029 0.18 12
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.27 2.1 16
Beef (locally produced) 0.00045 0.0073 0.15
Leafy Vegetables (locally produced) 0.00017 0.0018 0.015
Eggs (localy produced) 0.011 0.073 0.45
Cottage Cheese (locally produced) 0.00042 0.0043 0.04
Inhalation 0.011 0.037 0.14
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.2 1 55
Diet 2 0.068 0.33 1.8
Diet 3 0.053 0.24 15
ExcessLifetimeRisk [ ]
Diet 1 2.5E-07 3.8E-06 6.1E-05
Diet 2 8.5E-08 1.3E-06 1.7E-05
Diet 3 6.7E-08 9.1E-07 1.3E-05
Diet 4 5.2E-07 8.2E-06 1.4E-04
Relative Risk [ ]
Diet 1 1.00017 1.0014 1.014
Diet 2 1.000056 1.00046 1.0049
Diet 3 1.000042 1.00036 1.0041
Diet 4 1.00031 1.0031 1.044
Probability of Causation [%]
Diet 1 0.017 0.139 1.34
Diet 2 0.006 0.046 0.49
Diet 3 0.004 0.036 0.41
Diet 4 0.031 0.312 4.25

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-73



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Barnardville
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.2 1 55
Commercia Milk (locally produced) 0.038 0.22 14
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 04 2.9 20
Beef (locally produced) 0.0007 0.011 0.23
Leafy Vegetables (locally produced) 0.00018 0.0018 0.017
Eggs (localy produced) 0.011 0.079 0.5
Cottage Cheese (locally produced) 0.0004 0.0044 0.042
Inhalation 0.013 0.048 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.24 1.2 6.4
Diet 2 0.086 04 21
Diet 3 0.066 0.31 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.7E-08 1.5E-06 4.3E-05
Diet 2 1.1E-08 4.7E-07 1.5E-05
Diet 3 9.1E-09 3.7E-07 1.3E-05
Diet 4 6.3E-08 3.2E-06 1.3E-04
Relative Risk [ ]
Diet 1 1.000047 1.0012 1.033
Diet 2 1.000017 1.00037 1.011
Diet 3 1.000012 1.00028 1.0088
Diet 4 1.000086 1.0028 1.08
Probability of Causation [%]
Diet 1 0.005 0.115 3.17
Diet 2 0.002 0.037 1.09
Diet 3 0.001 0.028 0.88
Diet 4 0.009 0.277 7.40

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Greenback
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.089 0.48 2.7
Commercia Milk (locally produced) 0.016 0.098 0.67
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.14 11 9.4
Beef (locally produced) 0.00024 0.004 0.085
Leafy Vegetables (locally produced) 0.0001 0.00099 0.0089
Eggs (localy produced) 0.0056 0.039 0.27
Cottage Cheese (locally produced) 0.00024 0.0024 0.027
Inhalation 0.0063 0.022 0.081
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.11 0.55 31
Diet 2 0.038 0.18 1.1
Diet 3 0.049 0.23 1.4

ExcessLifetimeRisk [ ]
Diet 1 1.2E-07 2.0E-06 3.5E-05
Diet 2 5.1E-08 7.0E-07 9.9E-06
Diet 3 5.9E-08 8.5E-07 1.3E-05
Diet 4 2.7E-07 4.5E-06 8.5E-05
Relative Risk [ ]
Diet 1 1.000084 1.00075 1.0085
Diet 2 1.000031 1.00026 1.0032
Diet 3 1.000037 1.00034 1.0039
Diet 4 1.00016 1.0016 1.029
Probability of Causation [%]

Diet 1 0.008 0.075 0.84
Diet 2 0.003 0.026 0.32
Diet 3 0.004 0.034 0.39
Diet 4 0.016 0.158 2.82

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Greenback
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.11 0.57 3.3
Commercia Milk (locally produced) 0.02 0.12 0.81
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.2 1.6 11
Beef (locally produced) 0.00039 0.0064 0.14
Leafy Vegetables (locally produced) 0.0001 0.00099 0.0095
Eggs (localy produced) 0.0063 0.042 0.28
Cottage Cheese (locally produced) 0.00021 0.0023 0.028
Inhalation 0.0083 0.027 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.13 0.67 3.8
Diet 2 0.047 0.22 1.2
Diet 3 0.059 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 1.4E-08 7.6E-07 2.3E-05
Diet 2 5.4E-09 2.5E-07 8.3E-06
Diet 3 8.3E-09 3.3E-07 1.3E-05
Diet 4 4.0E-08 1.7E-06 6.8E-05
Relative Risk [ ]
Diet 1 1.000024 1.00063 1.018
Diet 2 1.000008 1.00022 1.0062
Diet 3 1.000011 1.00026 1.008
Diet 4 1.000041 1.0016 1.045
Probability of Causation [%]
Diet 1 0.002 0.063 1.73
Diet 2 0.001 0.022 0.62
Diet 3 0.001 0.026 0.79
Diet 4 0.004 0.157 4.31

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Rockford
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.15 0.74 4
Commercia Milk (locally produced) 0.026 0.16 0.98
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.25 1.8 13
Beef (locally produced) 0.00038 0.0063 0.13
Leafy Vegetables (locally produced) 0.00015 0.0016 0.013
Eggs (localy produced) 0.0093 0.063 04
Cottage Cheese (locally produced) 0.00037 0.0037 0.036
Inhalation 0.01 0.032 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.18 0.87 4.6
Diet 2 0.06 0.28 15
Diet 3 0.053 0.24 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.2E-07 3.3E-06 4.7E-05
Diet 2 7.7E-08 1.1E-06 1.5E-05
Diet 3 6.6E-08 9.0E-07 1.3E-05
Diet 4 4.0E-07 7.2E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.00013 1.0012 1.012
Diet 2 1.000047 1.00041 1.0043
Diet 3 1.000039 1.00035 1.004
Diet 4 1.00028 1.0026 1.04
Probability of Causation [%]
Diet 1 0.013 0.124 1.18
Diet 2 0.005 0.041 0.43
Diet 3 0.004 0.035 0.40
Diet 4 0.028 0.256 3.81

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Rockford
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.89 4.8
Commercia Milk (locally produced) 0.032 0.19 12
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.34 25 17
Beef (locally produced) 0.00059 0.0098 0.21
Leafy Vegetables (locally produced) 0.00016 0.0016 0.013
Eggs (localy produced) 0.01 0.069 041
Cottage Cheese (locally produced) 0.00037 0.0037 0.039
Inhalation 0.012 0.041 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1 55
Diet 2 0.077 0.35 1.8
Diet 3 0.067 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.2E-08 1.2E-06 3.8E-05
Diet 2 8.9E-09 4.2E-07 1.4E-05
Diet 3 8.9E-09 3.6E-07 1.3E-05
Diet 4 5.6E-08 2.7E-06 1.1E-04
Relative Risk [ ]
Diet 1 1.000044 1.00098 1.028
Diet 2 1.000013 1.00032 1.0095
Diet 3 1.000012 1.00028 1.0086
Diet 4 1.000069 1.0024 1.071
Probability of Causation [%]
Diet 1 0.004 0.098 2.72
Diet 2 0.001 0.032 0.95
Diet 3 0.001 0.028 0.85
Diet 4 0.007 0.239 6.60

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Location: Lake City
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.089 0.45 2.3
Commercia Milk (locally produced) 0.015 0.096 0.63
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.16 11 8.2
Beef (locally produced) 0.00023 0.0039 0.087
Leafy Vegetables (locally produced) 0.0001 0.00099 0.0083
Eggs (localy produced) 0.0056 0.038 0.24
Cottage Cheese (locally produced) 0.00023 0.0023 0.022
Inhalation 0.0051 0.017 0.065
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.11 0.52 2.6
Diet 2 0.038 0.17 0.97
Diet 3 0.045 0.22 1.4

ExcessLifetimeRisk [ ]
Diet 1 1.1E-07 2.0E-06 3.2E-05
Diet 2 4.6E-08 6.5E-07 9.3E-06
Diet 3 5.7E-08 8.3E-07 1.3E-05
Diet 4 2.6E-07 4.4E-06 6.9E-05
Relative Risk [ ]
Diet 1 1.000087 1.00074 1.0077
Diet 2 1.00003 1.00025 1.003
Diet 3 1.000035 1.00033 1.0039
Diet 4 1.00016 1.0016 1.023
Probability of Causation [%]

Diet 1 0.009 0.074 0.76
Diet 2 0.003 0.025 0.30
Diet 3 0.003 0.033 0.39
Diet 4 0.016 0.165 2.27

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
Location: Lake City
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.11 0.54 2.7
Commercia Milk (locally produced) 0.02 0.12 0.76
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.23 15 11
Beef (locally produced) 0.00037 0.0061 0.14
Leafy Vegetables (locally produced) 0.0001 0.00097 0.0084
Eggs (localy produced) 0.0058 0.042 0.25
Cottage Cheese (locally produced) 0.00023 0.0023 0.023
Inhalation 0.0064 0.023 0.078
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.13 0.63 3
Diet 2 0.045 0.21 1.1
Diet 3 0.054 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 1.4E-08 7.7E-07 2.4E-05
Diet 2 6.0E-09 2.6E-07 8.2E-06
Diet 3 8.2E-09 3.3E-07 1.3E-05
Diet 4 3.4E-08 1.7E-06 6.3E-05
Relative Risk [ ]
Diet 1 1.000024 1.00057 1.015
Diet 2 1.0000076 1.00019 1.0054
Diet 3 1.00001 1.00025 1.0079
Diet 4 1.000039 1.0015 1.043
Probability of Causation [%]
Diet 1 0.002 0.057 1.46
Diet 2 0.001 0.019 0.53
Diet 3 0.001 0.025 0.79
Diet 4 0.004 0.149 4.10

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Sweetwater
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.098 0.56 2.9
Commercia Milk (locally produced) 0.02 0.12 0.82
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.15 1.3 10
Beef (locally produced) 0.00028 0.0046 0.088
Leafy Vegetables (locally produced) 0.00012 0.0012 0.0099
Eggs (localy produced) 0.0066 0.047 0.3
Cottage Cheese (locally produced) 0.00026 0.0028 0.026
Inhalation 0.0071 0.025 0.089
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.12 0.67 3.3
Diet 2 0.043 0.22 1.2
Diet 3 0.049 0.23 1.4
ExcessLifetimeRisk [ ]
Diet 1 1.5E-07 2.5E-06 3.9E-05
Diet 2 5.7E-08 8.3E-07 1.2E-05
Diet 3 6.2E-08 8.6E-07 1.3E-05
Diet 4 3.0E-07 5.3E-06 1.1E-04
Relative Risk [ ]
Diet 1 1.00011 1.00093 1.0092
Diet 2 1.000039 1.0003 1.0035
Diet 3 1.000039 1.00034 1.004
Diet 4 1.00018 1.0019 1.029
Probability of Causation [%]
Diet 1 0.011 0.093 0.91
Diet 2 0.004 0.030 0.35
Diet 3 0.004 0.034 0.40
Diet 4 0.018 0.194 2.86

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Sweetwater
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.65 3.3
Commercia Milk (locally produced) 0.023 0.15 0.92
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.22 19 14
Beef (locally produced) 0.00047 0.0073 0.14
Leafy Vegetables (locally produced) 0.00012 0.0012 0.0099
Eggs (localy produced) 0.0072 0.05 0.33
Cottage Cheese (locally produced) 0.00026 0.0028 0.027
Inhalation 0.009 0.033 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.14 0.78 3.8
Diet 2 0.052 0.26 1.4
Diet 3 0.06 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 1.7E-08 9.9E-07 2.6E-05
Diet 2 7.2E-09 3.1E-07 9.9E-06
Diet 3 8.8E-09 3.5E-07 1.3E-05
Diet 4 4.3E-08 2.0E-06 7.3E-05
Relative Risk [ ]
Diet 1 1.00003 1.00076 1.02
Diet 2 1.00001 1.00024 1.0067
Diet 3 1.000011 1.00026 1.0084
Diet 4 1.00005 1.0019 1.047
Probability of Causation [%]
Diet 1 0.003 0.076 1.94
Diet 2 0.001 0.024 0.66
Diet 3 0.001 0.026 0.83
Diet 4 0.005 0.188 4.49

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-82



131

| Releases from X-10 Radioactive Lanthanum Processing
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Appendix 11-C July 1999
L ocation: Knoxville
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.95 51
Commercia Milk (locally produced) 0.033 0.2 1.3
Commercia Milk (regionaly mixed) 0.037 0.21 13
Goat Milk (locally produced) 0.33 2.3 17
Beef (locally produced) 0.00048 0.0079 0.16
Leafy Vegetables (locally produced) 0.0002 0.002 0.017
Eggs (localy produced) 0.012 0.08 0.5
Cottage Cheese (locally produced) 0.00049 0.0047 0.044
Inhalation 0.012 0.04 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.1 5.9
Diet 2 0.072 0.36 2
Diet 3 0.055 0.24 15
ExcessLifetimeRisk [ ]
Diet 1 2.6E-07 4.0E-06 6.1E-05
Diet 2 9.2E-08 1.4E-06 1.9E-05
Diet 3 7.0E-08 9.3E-07 1.3E-05
Diet 4 5.3E-07 9.2E-06 1.4E-04
Relative Risk [ ]
Diet 1 1.00018 1.0016 1.015
Diet 2 1.000062 1.00051 1.0051
Diet 3 1.000042 1.00037 1.0041
Diet 4 1.00035 1.0033 1.048
Probability of Causation [%]
Diet 1 0.018 0.155 1.47
Diet 2 0.006 0.051 0.50
Diet 3 0.004 0.036 0.41
Diet 4 0.035 0.331 4.55

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Knoxville
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.21 11 6
Commercia Milk (locally produced) 0.042 0.25 1.6
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.45 3.1 20
Beef (locally produced) 0.00077 0.012 0.26
Leafy Vegetables (locally produced) 0.0002 0.002 0.017
Eggs (localy produced) 0.013 0.087 0.55
Cottage Cheese (locally produced) 0.00048 0.0047 0.048
Inhalation 0.015 0.051 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.26 1.3 6.9
Diet 2 0.092 0.44 24
Diet 3 0.07 0.31 1.7
ExcessLifetimeRisk [ ]
Diet 1 2.6E-08 1.6E-06 4.7E-05
Diet 2 1.1E-08 5.4E-07 1.7E-05
Diet 3 9.4E-09 3.8E-07 1.3E-05
Diet 4 6.5E-08 3.5E-06 1.3E-04
Relative Risk [ ]
Diet 1 1.000057 1.0012 1.033
Diet 2 1.000018 1.00039 1.012
Diet 3 1.000012 1.00028 1.0089
Diet 4 1.000089 1.003 1.085
Probability of Causation [%]
Diet 1 0.006 0.121 3.17
Diet 2 0.002 0.039 1.18
Diet 3 0.001 0.028 0.89
Diet 4 0.009 0.301 7.86

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Maryville
Receptor: Female born in 1920
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.089 0.46 2.6
Commercia Milk (locally produced) 0.015 0.096 0.6
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.15 11 8.2
Beef (locally produced) 0.00025 0.0038 0.08
Leafy Vegetables (locally produced) 0.000091 0.00098 0.0081
Eggs (localy produced) 0.0055 0.039 0.23
Cottage Cheese (locally produced) 0.00021 0.0023 0.022
Inhalation 0.0061 0.021 0.085
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.11 0.54 29
Diet 2 0.037 0.18 0.94
Diet 3 0.047 0.23 1.4

ExcessLifetimeRisk [ ]
Diet 1 1.3E-07 2.1E-06 3.6E-05
Diet 2 4.7E-08 7.1E-07 1.1E-05
Diet 3 5.9E-08 8.4E-07 1.3E-05
Diet 4 2.8E-07 4.6E-06 7.1E-05
Relative Risk [ ]
Diet 1 1.000089 1.00071 1.0073
Diet 2 1.000029 1.00024 1.0027
Diet 3 1.000036 1.00034 1.004
Diet 4 1.00015 1.0017 1.023
Probability of Causation [%]

Diet 1 0.009 0.070 0.72
Diet 2 0.003 0.024 0.27
Diet 3 0.004 0.034 0.40
Diet 4 0.015 0.168 2.26

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Maryville
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.11 0.55 29
Commercia Milk (locally produced) 0.019 0.12 0.78
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.2 1.6 10
Beef (locally produced) 0.0004 0.0061 0.13
Leafy Vegetables (locally produced) 0.000092 0.00098 0.0086
Eggs (localy produced) 0.0061 0.042 0.27
Cottage Cheese (locally produced) 0.00021 0.0023 0.021
Inhalation 0.0077 0.027 0.1
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.13 0.65 3.3
Diet 2 0.046 0.22 1.2
Diet 3 0.057 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 1.4E-08 8.0E-07 2.3E-05
Diet 2 6.6E-09 2.6E-07 8.2E-06
Diet 3 8.4E-09 3.3E-07 1.3E-05
Diet 4 3.8E-08 1.7E-06 7.0E-05
Relative Risk [ ]
Diet 1 1.000026 1.00063 1.017
Diet 2 1.0000087 1.00021 1.0056
Diet 3 1.000011 1.00026 1.0081
Diet 4 1.000052 1.0015 1.045
Probability of Causation [%]
Diet 1 0.003 0.063 1.70
Diet 2 0.001 0.021 0.56
Diet 3 0.001 0.026 0.80
Diet 4 0.005 0.154 4.35

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Cedar Grove
Receptor: Female born in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 0.87 4.6
Commercia Milk (locally produced) 0.031 0.18 11
Commercia Milk (regionaly mixed) 0.037 0.2 13
Goat Milk (locally produced) 0.31 2.1 15
Beef (locally produced) 0.00044 0.0072 0.15
Leafy Vegetables (locally produced) 0.00017 0.0018 0.015
Eggs (localy produced) 0.011 0.072 0.45
Cottage Cheese (locally produced) 0.00044 0.0043 0.041
Inhalation 0.011 0.035 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1 54
Diet 2 0.069 0.32 1.8
Diet 3 0.054 0.24 1.4
ExcessLifetimeRisk [ ]
Diet 1 2.6E-07 3.8E-06 5.3E-05
Diet 2 8.6E-08 1.2E-06 1.7E-05
Diet 3 6.6E-08 9.2E-07 1.3E-05
Diet 4 4.9E-07 8.6E-06 1.3E-04
Relative Risk [ ]
Diet 1 1.00015 1.0014 1.014
Diet 2 1.000055 1.00047 1.0049
Diet 3 1.00004 1.00036 1.0041
Diet 4 1.00032 1.003 1.043
Probability of Causation [%]
Diet 1 0.015 0.141 1.35
Diet 2 0.005 0.047 0.48
Diet 3 0.004 0.036 0.41
Diet 4 0.032 0.297 4.15

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Cedar Grove
Receptor: Maleborn in 1920
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.21 1 55
Commercia Milk (locally produced) 0.039 0.22 1.3
Commercia Milk (regionaly mixed) 0.045 0.25 15
Goat Milk (locally produced) 0.42 2.9 19
Beef (locally produced) 0.00069 0.011 0.24
Leafy Vegetables (locally produced) 0.00018 0.0018 0.015
Eggs (localy produced) 0.012 0.079 0.48
Cottage Cheese (locally produced) 0.00043 0.0042 0.041
Inhalation 0.013 0.045 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.25 1.2 6.3
Diet 2 0.089 04 21
Diet 3 0.067 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 2.6E-08 1.4E-06 4.3E-05
Diet 2 1.0E-08 4.7E-07 1.7E-05
Diet 3 9.1E-09 3.7E-07 1.3E-05
Diet 4 6.1E-08 3.2E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.000052 1.0011 1.03
Diet 2 1.000016 1.00036 1.011
Diet 3 1.000012 1.00028 1.0087
Diet 4 1.000081 1.0028 1.081
Probability of Causation [%]
Diet 1 0.005 0.113 2.92
Diet 2 0.002 0.036 1.05
Diet 3 0.001 0.028 0.86
Diet 4 0.008 0.281 7.51

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Bradbury
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 15 8 49
Commercia Milk (locally produced) 0.28 1.8 12
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 2.8 21 140
Beef (locally produced) 0.0042 0.064 1.3
Leafy Vegetables (locally produced) 0.0015 0.017 0.15
Eggs (localy produced) 0.094 0.69 4.5
Cottage Cheese (locally produced) 0.0035 0.038 0.46
Inhalation 0.069 0.22 0.76
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.8 9.2 55
Diet 2 0.57 3.1 17
Diet 3 0.14 0.5 2.2

ExcessLifetimeRisk [ ]
Diet 1 4.7E-06 7.0E-05 9.5E-04
Diet 2 1.7E-06 2.5E-05 3.0E-04
Diet 3 3.8E-07 3.7E-06 4.0E-05
Diet 4 1.2E-05 1.7E-04 2.4E-03
Relative Risk [ ]
Diet 1 1.002 1.019 121
Diet 2 1.00077 1.0067 1.084
Diet 3 1.00014 1.0011 1.011
Diet 4 1.0049 1.044 1.63
Probability of Causation [%]

Diet 1 0.200 1.820 17.42
Diet 2 0.077 0.665 7.73
Diet 3 0.014 0.107 1.08
Diet 4 0.491 4.222 38.39

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

L ocation: Bradbury
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.9 9.9 58
Commercia Milk (locally produced) 0.37 2.3 14
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 3.9 28 180
Beef (locally produced) 0.0065 0.1 2.1
Leafy Vegetables (locally produced) 0.0015 0.016 0.15
Eggs (localy produced) 0.1 0.74 4.8
Cottage Cheese (locally produced) 0.0032 0.038 0.41
Inhalation 0.078 0.27 0.91

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 2.2 11 66
Diet 2 0.71 3.8 21
Diet 3 0.15 0.62 2.5

ExcessLifetimeRisk [ ]

Diet 1 4.9E-07 2.2E-05 6.4E-04
Diet 2 1.8E-07 7.7E-06 2.5E-04
Diet 3 3.7E-08 1.2E-06 3.4E-05
Diet 4 1.4E-06 5.3E-05 1.8E-03

Relative Risk [ ]

Diet 1 1.00078 1.016 141
Diet 2 1.00026 1.0053 112
Diet 3 1.000048 1.00082 1.017
Diet 4 1.0015 1.039 1.98

Probability of Causation [%]

Diet 1 0.078 1.529 28.96
Diet 2 0.026 0.526 10.91
Diet 3 0.005 0.082 1.69
Diet 4 0.146 3.791 49.45

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

L ocation: Gallaher Bend
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.8 10 60
Commercia Milk (locally produced) 0.4 2.3 14
Commercia Milk (regionally mixed) 0.043 0.25 15
Goat Milk (locally produced) 3.2 26 180
Beef (locally produced) 0.0049 0.078 17
Leafy Vegetables (locally produced) 0.0019 0.021 0.17
Eggs (localy produced) 0.13 0.83 5.2
Cottage Cheese (locally produced) 0.0043 0.047 0.52
Inhalation 0.083 0.27 0.92

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 21 12 69
Diet 2 0.74 3.8 19
Diet 3 0.16 0.56 2.3

ExcessLifetimeRisk [ ]

Diet 1 5.2E-06 8.7E-05 1.1E-03
Diet 2 2.1E-06 2.9E-05 3.7E-04
Diet 3 4.3E-07 4.2E-06 4.4E-05
Diet 4 1.4E-05 2.0E-04 2.8E-03

Relative Risk [ ]

Diet 1 1.0024 1.023 1.27
Diet 2 1.00095 1.0086 1.097
Diet 3 1.00016 1.0012 1.012
Diet 4 1.0059 1.057 1.79

Probability of Causation [%]

Diet 1 0.238 2.218 20.96
Diet 2 0.095 0.853 8.80
Diet 3 0.016 0.117 1.14
Diet 4 0.587 5.378 44.05

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Gallaher Bend
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2.3 12 65
Commercia Milk (locally produced) 0.5 2.7 16
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 4.3 35 220
Beef (locally produced) 0.0075 0.13 2.7
Leafy Vegetables (locally produced) 0.0018 0.021 0.17
Eggs (localy produced) 0.14 0.89 5.6
Cottage Cheese (locally produced) 0.0042 0.048 0.47
Inhalation 0.096 0.34 11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.6 14 74
Diet 2 0.87 4.6 24
Diet 3 0.17 0.7 2.7

ExcessLifetimeRisk [ ]
Diet 1 6.3E-07 2.8E-05 7.2E-04
Diet 2 2.1E-07 9.7E-06 3.1E-04
Diet 3 4.1E-08 1.3E-06 3.6E-05
Diet 4 1.8E-06 6.4E-05 2.1E-03
Relative Risk [ ]
Diet 1 1.00095 1.018 1.46
Diet 2 1.00032 1.0063 1.15
Diet 3 1.000052 1.00092 1.018
Diet 4 1.0017 1.05 2.2
Probability of Causation [%]

Diet 1 0.095 1.740 31.53
Diet 2 0.032 0.628 12.82
Diet 3 0.005 0.092 1.77
Diet 4 0.168 4,770 54.40

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: EFPC
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.39 2.1 13
Commercia Milk (locally produced) 0.07 0.48 3.1
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0011 0.017 0.38
Leafy Vegetables (locally produced) 0.00038 0.0044 0.039
Eggs (localy produced) 0.024 0.18 11
Cottage Cheese (locally produced) 0.00093 0.0099 0.13
Inhalation 0.018 0.06 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.46 24 15
Diet 2 0.14 0.81 4.6
Diet 3 0.07 0.32 1.7
ExcessLifetimeRisk [ ]
Diet 1 1.2E-06 1.8E-05 24E-04
Diet 2 4.6E-07 6.3E-06 7.7E-05
Diet 3 2.0E-07 2.5E-06 3.1E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00049 1.0048 1.057
Diet 2 1.00019 1.0017 1.023
Diet 3 1.000087 1.00072 1.0084
Diet 4 -- -- --
Probability of Causation [%]
Diet 1 0.049 0.477 5.33
Diet 2 0.019 0.175 2.25
Diet 3 0.009 0.072 0.83
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: EFPC
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.48 2.6 15
Commercia Milk (locally produced) 0.095 0.59 3.8
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0017 0.027 0.58
Leafy Vegetables (locally produced) 0.0004 0.0042 0.037
Eggs (localy produced) 0.026 0.19 12
Cottage Cheese (locally produced) 0.00085 0.0099 0.11
Inhalation 0.019 0.073 0.25
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.56 3 17
Diet 2 0.18 0.97 54
Diet 3 0.084 0.38 21

ExcessLifetimeRisk [ ]
Diet 1 1.2E-07 5.8E-06 1.7E-04
Diet 2 4.5E-08 2.1E-06 6.4E-05
Diet 3 2.2E-08 8.2E-07 2.6E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00019 1.0039 1.11
Diet 2 1.000067 1.0014 1.033
Diet 3 1.000028 1.00054 1.012
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.019 0.385 9.69
Diet 2 0.007 0.135 321
Diet 3 0.003 0.04 1.23
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hope Creek
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1 5.7 33
Commercia Milk (locally produced) 0.2 1.3 8.5
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0027 0.046 1
Leafy Vegetables (locally produced) 0.0011 0.012 0.1
Eggs (localy produced) 0.07 0.47 3
Cottage Cheese (locally produced) 0.0026 0.028 0.33
Inhalation 0.049 0.16 0.55
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.2 6.6 38
Diet 2 0.42 2.1 12
Diet 3 0.11 0.43 2
ExcessLifetimeRisk [ ]
Diet 1 3.0E-06 4.7E-05 6.7E-04
Diet 2 1.2E-06 1.7E-05 2.2E-04
Diet 3 3.1E-07 3.3E-06 3.7E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.0013 1.013 1.14
Diet 2 1.0005 1.0048 1.061
Diet 3 1.00012 1.00094 1.0096
Diet 4 -- -- --
Probability of Causation [%]
Diet 1 0.125 1.329 12.18
Diet 2 0.050 0.482 5.72
Diet 3 0.012 0.094 0.95
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways
Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hope Creek
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 13 6.9 42
Commercia Milk (locally produced) 0.26 1.6 11
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0043 0.073 17
Leafy Vegetables (locally produced) 0.0011 0.012 0.1
Eggs (localy produced) 0.07 0.51 3.3
Cottage Cheese (locally produced) 0.0024 0.028 0.31
Inhalation 0.056 0.19 0.64

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 15 7.9 46
Diet 2 0.51 2.6 15
Diet 3 0.14 0.54 24

ExcessLifetimeRisk [ ]

Diet 1 3.1E-07 1.5E-05 4 5E-04
Diet 2 1.2E-07 5.6E-06 1.6E-04
Diet 3 3.2E-08 1.1E-06 3.0E-05
Diet 4 - - -

Relative Risk [ ]

Diet 1 1.00055 1.01 1.27
Diet 2 1.00017 1.0037 1.084
Diet 3 1.000041 1.00072 1.016
Diet 4 - - -

Probability of Causation [%]

Diet 1 0.055 1.036 21.41
Diet 2 0.017 0.371 7.72
Diet 3 0.004 0.072 1.57
Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Buttermilk Rd.
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1 5.7 33
Commercia Milk (locally produced) 0.21 1.3 8.3
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 1.8 14 100
Beef (locally produced) 0.0027 0.045 0.96
Leafy Vegetables (locally produced) 0.0011 0.012 0.098
Eggs (localy produced) 0.069 0.47 2.9
Cottage Cheese (locally produced) 0.0025 0.027 0.3
Inhalation 0.05 0.16 0.56
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.2 6.5 38
Diet 2 0.41 21 12
Diet 3 0.11 0.43 2
ExcessLifetimeRisk [ ]
Diet 1 2.9E-06 4.8E-05 6.9E-04
Diet 2 1.2E-06 1.7E-05 2.1E-04
Diet 3 3.1E-07 3.3E-06 3.7E-05
Diet 4 7.8E-06 1.2E-04 1.6E-03
Relative Risk [ ]
Diet 1 1.0013 1.013 1.14
Diet 2 1.00051 1.0048 1.056
Diet 3 1.00012 1.00094 1.0097
Diet 4 1.0033 1.03 1.46
Probability of Causation [%]
Diet 1 0.125 1.299 12.01
Diet 2 0.051 0.477 5.30
Diet 3 0.012 0.094 0.96
Diet 4 0.326 2931 31.56

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Buttermilk Rd.
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 13 6.8 42
Commercia Milk (locally produced) 0.27 15 10
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 2.6 20 120
Beef (locally produced) 0.0042 0.071 15
Leafy Vegetables (locally produced) 0.0011 0.012 0.098
Eggs (localy produced) 0.071 0.5 3.3
Cottage Cheese (locally produced) 0.0024 0.027 0.28
Inhalation 0.056 0.19 0.65

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 15 7.8 46
Diet 2 0.51 25 15
Diet 3 0.14 0.54 24

ExcessLifetimeRisk [ ]

Diet 1 3.1E-07 1.5E-05 4.3E-04
Diet 2 1.1E-07 5.6E-06 1.7E-04
Diet 3 3.1E-08 1.1E-06 3.0E-05
Diet 4 9.3E-07 3.6E-05 1.2E-03

Relative Risk [ ]

Diet 1 1.00055 1.01 1.26
Diet 2 1.00018 1.0036 1.081
Diet 3 1.000041 1.00072 1.016
Diet 4 1.00092 1.027 1.68

Probability of Causation [%]

Diet 1 0.055 0.999 20.46
Diet 2 0.018 0.359 7.45
Diet 3 0.004 0.072 1.56
Diet 4 0.092 2.670 40.28

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Jonesville
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.14 0.78 4.9
Commercia Milk (locally produced) 0.026 0.19 1.3
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.26 2.1 17
Beef (locally produced) 0.00039 0.0066 0.14
Leafy Vegetables (locally produced) 0.00015 0.0017 0.016
Eggs (localy produced) 0.0092 0.068 0.44
Cottage Cheese (locally produced) 0.00033 0.0039 0.049
Inhalation 0.0071 0.024 0.092
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.17 0.91 5.6
Diet 2 0.058 0.31 2
Diet 3 0.057 0.28 1.6

ExcessLifetimeRisk [ ]
Diet 1 4.7E-07 6.9E-06 1.0E-04
Diet 2 1.8E-07 2.5E-06 3.5E-05
Diet 3 1.7E-07 2.2E-06 3.0E-05
Diet 4 1.2E-06 1.6E-05 2.5E-04
Relative Risk [ ]
Diet 1 1.00017 1.0018 1.024
Diet 2 1.00007 1.00064 1.01
Diet 3 1.000074 1.00064 1.008
Diet 4 1.00042 1.0043 1.076
Probability of Causation [%]

Diet 1 0.017 0.181 2.34
Diet 2 0.007 0.064 1.03
Diet 3 0.007 0.064 0.79
Diet 4 0.042 0.426 7.08

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Jonesville
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.96 6
Commercia Milk (locally produced) 0.034 0.22 1.6
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.33 2.7 21
Beef (locally produced) 0.00056 0.01 0.21
Leafy Vegetables (locally produced) 0.00015 0.0017 0.016
Eggs (localy produced) 0.0099 0.07 0.51
Cottage Cheese (locally produced) 0.00032 0.0037 0.045
Inhalation 0.0087 0.029 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.22 1.1 6.9
Diet 2 0.07 0.37 24
Diet 3 0.07 0.33 2

ExcessLifetimeRisk [ ]
Diet 1 4.3E-08 2.2E-06 7.0E-05
Diet 2 1.7E-08 7.5E-07 2.7E-05
Diet 3 1.9E-08 7.2E-07 2.4E-05
Diet 4 1.3E-07 5.0E-06 1.9E-04
Relative Risk [ ]
Diet 1 1.000071 1.0016 1.039
Diet 2 1.000023 1.00055 1.013
Diet 3 1.000024 1.00048 1.011
Diet 4 1.00014 1.0041 11
Probability of Causation [%]

Diet 1 0.007 0.158 3.72
Diet 2 0.002 0.055 1.27
Diet 3 0.002 0.048 1.11
Diet 4 0.014 0.411 9.47

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR Scarboro
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0018 0.02 0.23
Inhalation 0.036 0.12 0.41
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.097 0.39 1.9

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.7E-07 3.0E-06 3.4E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00011 1.00084 1.0092
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.011 0.084 0.92
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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TASK 1REPORT
July 1999

L ocation: OR Scarboro

Receptor: Maleborn in 1930

Exposure Pathway

Thyroid Dose [cGY]
95% Subjective Confidence Interval
central estimate

lower limit upper limit

Backyard Cow Milk

Commercia Milk (locally produced)
Commercia Milk (regionally mixed)
Goat Milk (locally produced)

Beef (locally produced)

Leafy Vegetables (locally produced)
Eggs (localy produced)

Cottage Cheese (locally produced)
Inhalation

Mother's milk (mother on Diet 3)

Prenatal exposure (mother on Diet 3)

Diet 1
Diet 2
Diet 3

0.48

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

2.8E-08 9.6E-07 2.9E-05

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.000036 1.00065

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.004 0.065

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Lawnville/Gallaher
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1 53 29
Commercial Milk (localy produced) 0.21 1.2 8.3
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 1.8 13 95
Beef (locally produced) 0.0026 0.044 0.86
Leafy Vegetables (locally produced) 0.0012 0.011 0.091
Eggs (localy produced) 0.072 0.44 2.8
Cottage Cheese (locally produced) 0.0023 0.026 0.26
Inhalation 0.05 0.16 0.54
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.2 6.1 33
Diet 2 0.42 2 11
Diet 3 0.11 0.43 2
ExcessLifetimeRisk [ ]
Diet 1 2.9E-06 4.5E-05 6.7E-04
Diet 2 1.1E-06 1.6E-05 2.0E-04
Diet 3 3.1E-07 3.3E-06 3.5E-05
Diet 4 7.9E-06 1.1E-04 1.7E-03
Relative Risk [ ]
Diet 1 1.0012 1.012 1.13
Diet 2 1.0005 1.0046 1.055
Diet 3 1.00013 1.00093 1.0099
Diet 4 1.0033 1.03 1.4
Probability of Causation [%]
Diet 1 0.123 1.216 11.61
Diet 2 0.050 0.454 5.22
Diet 3 0.013 0.093 0.98
Diet 4 0.327 2.943 28.73

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Lawnville/Gallaher
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.3 6.4 34
Commercia Milk (locally produced) 0.26 1.4 94
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 2.6 19 110
Beef (locally produced) 0.0039 0.069 14
Leafy Vegetables (locally produced) 0.0012 0.011 0.089
Eggs (localy produced) 0.072 0.48 3
Cottage Cheese (locally produced) 0.0023 0.025 0.24
Inhalation 0.055 0.18 0.69
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 15 7.3 38
Diet 2 0.5 24 14
Diet 3 0.13 0.54 2.3

ExcessLifetimeRisk [ ]
Diet 1 3.0E-07 1.5E-05 4.0E-04
Diet 2 1.0E-07 5.0E-06 1.5E-04
Diet 3 3.0E-08 1.1E-06 3.0E-05
Diet 4 8.7E-07 3.3E-05 1.1E-03
Relative Risk [ ]
Diet 1 1.0005 1.0098 1.23
Diet 2 1.00017 1.0035 1.08
Diet 3 1.000041 1.0007 1.015
Diet 4 1.001 1.027 1.67
Probability of Causation [%]

Diet 1 0.050 0.968 18.77
Diet 2 0.017 0.348 7.45
Diet 3 0.004 0.070 1.52
Diet 4 0.102 2.613 40.15

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-104



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT
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L ocation: Dyllis
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 11 6.3
Commercia Milk (locally produced) 0.038 0.24 1.8
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.38 2.8 21
Beef (locally produced) 0.00057 0.0086 0.18
Leafy Vegetables (locally produced) 0.00021 0.0023 0.021
Eggs (localy produced) 0.012 0.092 0.67
Cottage Cheese (locally produced) 0.00049 0.0051 0.063
Inhalation 0.0095 0.033 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.2 7.3
Diet 2 0.081 0.42 2.8
Diet 3 0.062 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 6.0E-07 9.0E-06 1.2E-04
Diet 2 2.1E-07 3.3E-06 4.3E-05
Diet 3 1.8E-07 2.3E-06 3.0E-05
Diet 4 1.5E-06 2.4E-05 3.3E-04
Relative Risk [ ]
Diet 1 1.00025 1.0024 1.03
Diet 2 1.00011 1.00091 1.014
Diet 3 1.00008 1.00066 1.0079
Diet 4 1.00069 1.0058 1.095
Probability of Causation [%]
Diet 1 0.025 0.243 291
Diet 2 0.011 0.091 1.36
Diet 3 0.008 0.066 0.78
Diet 4 0.069 0.576 8.65

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Dyllis
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.21 13 7.4
Commercia Milk (locally produced) 0.049 0.3 2.1
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.5 3.8 27
Beef (locally produced) 0.00091 0.014 0.28
Leafy Vegetables (locally produced) 0.00021 0.0023 0.021
Eggs (localy produced) 0.013 0.097 0.69
Cottage Cheese (locally produced) 0.00048 0.0051 0.057
Inhalation 0.011 0.041 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.26 15 8.3
Diet 2 0.11 0.5 3.3
Diet 3 0.075 0.34 2

ExcessLifetimeRisk [ ]
Diet 1 6.0E-08 2.9E-06 8.8E-05
Diet 2 2.3E-08 1.1E-06 3.5E-05
Diet 3 2.0E-08 7.5E-07 2.5E-05
Diet 4 1.7E-07 6.8E-06 24E-04
Relative Risk [ ]
Diet 1 1.0001 1.002 1.059
Diet 2 1.000032 1.00075 1.017
Diet 3 1.000025 1.00049 1.011
Diet 4 1.0002 1.0055 1.13
Probability of Causation [%]

Diet 1 0.010 0.200 5.55
Diet 2 0.003 0.075 1.66
Diet 3 0.002 0.049 1.12
Diet 4 0.020 0.546 11.19

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR High School Area
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- -
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0011 0.012 0.13
Inhalation 0.021 0.069 0.25
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.077 0.33 1.7
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.1E-07 2.6E-06 3.2E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.000094 1.00074 1.0084
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.009 0.074 0.84
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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TASK 1REPORT
July 1999

L ocation: OR High School Area

Receptor: Maleborn in 1930

Exposure Pathway

Thyroid Dose [cGY]
95% Subjective Confidence Interval
lower limit central estimate upper limit

Backyard Cow Milk

Commercia Milk (locally produced)
Commercia Milk (regionally mixed)
Goat Milk (locally produced)

Beef (locally produced)

Leafy Vegetables (locally produced)
Eggs (localy produced)

Cottage Cheese (locally produced)
Inhalation

Mother's milk (mother on Diet 3)
Prenatal exposure (mother on Diet 3)
Diet 1

Diet 2

Diet 3

0.0011 0.012 0.12
0.025 0.084 0.29

0.094 0.4 2.1

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

2.3E-08 8.5E-07 2.6E-05

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.00003 1.00056 1.013

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.003 0.056 1.27

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Norwood
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 1 7.2
Commercia Milk (locally produced) 0.036 0.23 17
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.33 2.7 22
Beef (locally produced) 0.0005 0.0083 0.19
Leafy Vegetables (locally produced) 0.00022 0.0021 0.018
Eggs (localy produced) 0.011 0.086 0.57
Cottage Cheese (locally produced) 0.0004 0.0052 0.07
Inhalation 0.009 0.032 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.2 7.9
Diet 2 0.074 0.39 25
Diet 3 0.059 0.28 1.6

ExcessLifetimeRisk [ ]
Diet 1 5.6E-07 8.8E-06 1.4E-04
Diet 2 2.3E-07 3.2E-06 4.3E-05
Diet 3 1.7E-07 2.3E-06 3.0E-05
Diet 4 1.5E-06 2.2E-05 3.7E-04
Relative Risk [ ]
Diet 1 1.00023 1.0023 1.029
Diet 2 1.000095 1.00084 1.011
Diet 3 1.000077 1.00066 1.008
Diet 4 1.00064 1.0056 1.085
Probability of Causation [%]

Diet 1 0.023 0.230 281
Diet 2 0.010 0.084 1.10
Diet 3 0.008 0.066 0.80
Diet 4 0.064 0.557 7.84

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Norwood
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.21 12 8.3
Commercia Milk (locally produced) 0.046 0.28 2.1
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.45 35 27
Beef (locally produced) 0.00077 0.013 0.32
Leafy Vegetables (locally produced) 0.00022 0.0021 0.019
Eggs (localy produced) 0.012 0.092 0.65
Cottage Cheese (locally produced) 0.00044 0.0049 0.059
Inhalation 0.01 0.038 0.14
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.25 14 9.4
Diet 2 0.086 0.47 3
Diet 3 0.074 0.34 2

ExcessLifetimeRisk [ ]
Diet 1 6.0E-08 2.7E-06 8.6E-05
Diet 2 2.2E-08 9.6E-07 2.8E-05
Diet 3 1.9E-08 7.5E-07 2.5E-05
Diet 4 1.7E-07 6.5E-06 2.5E-04
Relative Risk [ ]
Diet 1 1.000092 1.0019 1.054
Diet 2 1.00003 1.0007 1.017
Diet 3 1.000024 1.00049 1.012
Diet 4 1.00021 1.0051 114
Probability of Causation [%]

Diet 1 0.009 0.188 511
Diet 2 0.003 0.070 1.68
Diet 3 0.002 0.049 1.14
Diet 4 0.021 0.506 12.49

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Woodland
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0016 0.017 0.18
Inhalation 0.034 0.11 0.37
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.093 0.37 1.8

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.6E-07 2.9E-06 3.3E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00011 1.00082 1.009
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.011 0.082 0.89
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT
July 1999

L ocation: Woodland

Receptor: Maleborn in 1930

Exposure Pathway

Thyroid Dose [cGY]
95% Subjective Confidence Interval
central estimate

lower limit upper limit

Backyard Cow Milk

Commercia Milk (locally produced)
Commercia Milk (regionally mixed)
Goat Milk (locally produced)

Beef (locally produced)

Leafy Vegetables (locally produced)
Eggs (localy produced)

Cottage Cheese (locally produced)
Inhalation

Mother's milk (mother on Diet 3)

Prenatal exposure (mother on Diet 3)

Diet 1
Diet 2
Diet 3

0.0016
0.038

0.46

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

2.6E-08 9.4E-07 2.8E-05

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.000035 1.00062

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.003 0.062

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Hardin Valley
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.92 51 28
Commercia Milk (locally produced) 0.19 12 7.6
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 19 13 90
Beef (locally produced) 0.0026 0.04 0.79
Leafy Vegetables (locally produced) 0.001 0.011 0.088
Eggs (localy produced) 0.061 0.42 2.6
Cottage Cheese (locally produced) 0.0023 0.025 0.26
Inhalation 0.047 0.15 0.55
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.1 5.8 33
Diet 2 0.38 2 11
Diet 3 0.11 0.42 2
ExcessLifetimeRisk [ ]
Diet 1 2.8E-06 4.2E-05 5.4E-04
Diet 2 1.1E-06 1.5E-05 2.0E-04
Diet 3 3.2E-07 3.3E-06 3.6E-05
Diet 4 7.2E-06 1.1E-04 1.5E-03
Relative Risk [ ]
Diet 1 1.0012 1.012 1.12
Diet 2 1.00051 1.0042 1.052
Diet 3 1.00012 1.00093 1.0096
Diet 4 1.0031 1.027 1.4
Probability of Causation [%]
Diet 1 0.122 1.170 11.06
Diet 2 0.051 0.415 4.90
Diet 3 0.012 0.093 0.95
Diet 4 0.313 2.588 28.73

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Hardin Valley
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 11 6.2 34
Commercia Milk (locally produced) 0.25 14 9.2
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 25 18 110
Beef (locally produced) 0.0039 0.063 1.3
Leafy Vegetables (locally produced) 0.00099 0.011 0.089
Eggs (localy produced) 0.065 0.45 3
Cottage Cheese (locally produced) 0.0023 0.023 0.25
Inhalation 0.055 0.19 0.63
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.3 7.1 39
Diet 2 0.48 2.3 14
Diet 3 0.14 0.53 2.3

ExcessLifetimeRisk [ ]
Diet 1 2.9E-07 1.4E-05 3.7E-04
Diet 2 1.1E-07 5.0E-06 1.5E-04
Diet 3 3.0E-08 1.1E-06 3.0E-05
Diet 4 8.6E-07 3.2E-05 1.0E-03
Relative Risk [ ]
Diet 1 1.00051 1.009 1.24
Diet 2 1.00016 1.0033 1.075
Diet 3 1.00004 1.00071 1.015
Diet 4 1.00088 1.025 1.62
Probability of Causation [%]

Diet 1 0.050 0.894 19.53
Diet 2 0.016 0.325 6.94
Diet 3 0.004 0.070 151
Diet 4 0.088 2.407 38.37

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Oliver Springs
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.13 0.77 4.9
Commercia Milk (locally produced) 0.028 0.18 1.3
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.25 2 15
Beef (locally produced) 0.00038 0.0064 0.14
Leafy Vegetables (locally produced) 0.00014 0.0017 0.016
Eggs (localy produced) 0.009 0.065 0.45
Cottage Cheese (locally produced) 0.00032 0.0038 0.046
Inhalation 0.0072 0.024 0.093
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.15 0.89 55
Diet 2 0.059 0.31 1.8
Diet 3 0.056 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 4.0E-07 6.4E-06 9.9E-05
Diet 2 1.8E-07 2.3E-06 3.3E-05
Diet 3 1.7E-07 2.2E-06 3.0E-05
Diet 4 1.0E-06 1.6E-05 2.7E-04
Relative Risk [ ]
Diet 1 1.00017 1.0018 1.022
Diet 2 1.000067 1.00064 1.009
Diet 3 1.000075 1.00064 1.0079
Diet 4 1.00042 1.0043 1.069
Probability of Causation [%]
Diet 1 0.017 0.179 217
Diet 2 0.007 0.064 0.89
Diet 3 0.007 0.064 0.79
Diet 4 0.042 0.433 6.42

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Oliver Springs
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.93 5.7
Commercia Milk (locally produced) 0.037 0.22 1.6
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.34 2.6 21
Beef (locally produced) 0.00057 0.01 0.21
Leafy Vegetables (locally produced) 0.00015 0.0016 0.015
Eggs (localy produced) 0.01 0.07 0.5
Cottage Cheese (locally produced) 0.00032 0.0038 0.041
Inhalation 0.0084 0.029 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 1.1 6.4
Diet 2 0.069 0.36 2.3
Diet 3 0.069 0.33 2

ExcessLifetimeRisk [ ]
Diet 1 4.2E-08 2.1E-06 6.1E-05
Diet 2 1.6E-08 7.5E-07 2.3E-05
Diet 3 1.8E-08 7.2E-07 2.4E-05
Diet 4 1.2E-07 5.1E-06 1.7E-04
Relative Risk [ ]
Diet 1 1.000071 1.0015 1.039
Diet 2 1.000024 1.00053 1.013
Diet 3 1.000023 1.00048 1.011
Diet 4 1.00013 1.0038 1.1
Probability of Causation [%]

Diet 1 0.007 0.147 3.70
Diet 2 0.002 0.053 1.27
Diet 3 0.002 0.048 1.12
Diet 4 0.013 0.383 9.36

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

L ocation: Solway
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.87 4.6 26
Commercial Milk (localy produced) 0.17 1.1 6.8
Commercia Milk (regionally mixed) 0.042 0.25 15
Goat Milk (locally produced) 1.6 12 80
Beef (locally produced) 0.0022 0.038 0.71
Leafy Vegetables (locally produced) 0.00093 0.0099 0.082
Eggs (localy produced) 0.059 0.38 2.3
Cottage Cheese (locally produced) 0.0021 0.022 0.24
Inhalation 0.045 0.14 0.49

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 1 5.3 30
Diet 2 0.36 1.7 10
Diet 3 0.11 0.41 2

ExcessLifetimeRisk [ ]

Diet 1 2.5E-06 4.0E-05 5.2E-04
Diet 2 1.0E-06 1.4E-05 1.8E-04
Diet 3 3.0E-07 3.2E-06 3.5E-05
Diet 4 6.6E-06 9.6E-05 1.4E-03

Relative Risk [ ]

Diet 1 1.0011 1.011 1.12
Diet 2 1.00044 1.0039 1.048
Diet 3 1.00012 1.00091 1.0097
Diet 4 1.0028 1.025 1.37

Probability of Causation [%]

Diet 1 0.109 1.064 10.47
Diet 2 0.044 0.388 4.55
Diet 3 0.012 0.091 0.96
Diet 4 0.283 2.437 27.14

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Solway
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 11 57 31
Commercia Milk (locally produced) 0.22 1.3 8.4
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 2.2 16 99
Beef (locally produced) 0.0033 0.059 12
Leafy Vegetables (locally produced) 0.00095 0.0097 0.082
Eggs (localy produced) 0.06 0.42 25
Cottage Cheese (locally produced) 0.002 0.022 0.22
Inhalation 0.052 0.17 0.57
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.3 6.5 36
Diet 2 0.45 2.1 12
Diet 3 0.13 0.51 2.3

ExcessLifetimeRisk [ ]
Diet 1 2.9E-07 1.2E-05 3.5E-04
Diet 2 1.0E-07 4.4E-06 1.5E-04
Diet 3 2.9E-08 1.0E-06 2.9E-05
Diet 4 7.6E-07 2.8E-05 9.9E-04
Relative Risk [ ]
Diet 1 1.00041 1.0084 1.21
Diet 2 1.00014 1.003 1.065
Diet 3 1.00004 1.0007 1.015
Diet 4 1.00076 1.023 1.58
Probability of Causation [%]

Diet 1 0.041 0.834 17.56
Diet 2 0.014 0.296 6.06
Diet 3 0.004 0.070 1.48
Diet 4 0.076 2.272 36.61

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

L ocation: Sugar Grove
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.35 1.9 11
Commercia Milk (locally produced) 0.072 0.45 3
Commercia Milk (regionally mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.71 4.9 36
Beef (locally produced) 0.00099 0.016 0.31
Leafy Vegetables (locally produced) 0.00038 0.0041 0.035
Eggs (localy produced) 0.024 0.16 1
Cottage Cheese (locally produced) 0.00088 0.0095 0.1
Inhalation 0.018 0.059 0.21

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.42 2.2 13
Diet 2 0.15 0.74 4.6
Diet 3 0.076 0.31 1.7

ExcessLifetimeRisk [ ]

Diet 1 1.1E-06 1.6E-05 2.3E-04
Diet 2 4.3E-07 6.0E-06 7.5E-05
Diet 3 2.1E-07 2.5E-06 3.1E-05
Diet 4 2.8E-06 4.0E-05 5.8E-04

Relative Risk [ ]

Diet 1 1.00047 1.0045 1.052
Diet 2 1.00019 1.0016 1.021
Diet 3 1.000089 1.00072 1.0084
Diet 4 1.0012 1.01 1.16

Probability of Causation [%]

Diet 1 0.047 0.445 4.89
Diet 2 0.019 0.161 2.02
Diet 3 0.009 0.072 0.83
Diet 4 0.115 1.011 13.88

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
Location: Sugar Grove
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.44 2.4 14
Commercia Milk (locally produced) 0.093 0.54 3.7
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.93 6.7 43
Beef (locally produced) 0.0015 0.025 0.51
Leafy Vegetables (locally produced) 0.00038 0.0041 0.036
Eggs (localy produced) 0.025 0.18 11
Cottage Cheese (locally produced) 0.00083 0.0092 0.098
Inhalation 0.021 0.073 0.25
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.51 2.7 16
Diet 2 0.19 0.89 55
Diet 3 0.088 0.38 21

ExcessLifetimeRisk [ ]
Diet 1 1.1E-07 5.2E-06 1.5E-04
Diet 2 4.3E-08 1.8E-06 6.0E-05
Diet 3 2.2E-08 8.1E-07 2.6E-05
Diet 4 3.4E-07 1.2E-05 4.1E-04
Relative Risk [ ]
Diet 1 1.00018 1.0037 1.097
Diet 2 1.000057 1.0013 1.03
Diet 3 1.000029 1.00054 1.012
Diet 4 1.00032 1.0098 1.23
Probability of Causation [%]

Diet 1 0.018 0.366 8.72
Diet 2 0.006 0.126 291
Diet 3 0.003 0.054 1.19
Diet 4 0.032 0.967 18.51

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
Location: OR Townsite
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.042 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.00093 0.01 0.11
Inhalation 0.02 0.065 0.23
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.076 0.32 1.7

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.2E-07 2.6E-06 3.2E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00009 1.00073 1.0083
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.009 0.073 0.83
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing TASK 1REPORT
Appendix 11-C

July 1999

Location: OR Townsite

Receptor: Maleborn in 1930

Exposure Pathway

Thyroid Dose [cGY]
95% Subjective Confidence Interval
lower limit central estimate upper limit

Backyard Cow Milk

Commercia Milk (locally produced)
Commercia Milk (regionally mixed)
Goat Milk (locally produced)

Beef (locally produced)

Leafy Vegetables (locally produced)
Eggs (localy produced)

Cottage Cheese (locally produced)

Inhalation

Mother's milk (mother on Diet 3)
Prenatal exposure (mother on Diet 3)

Diet 1
Diet 2
Diet 3

0.00093 0.0099 0.11
0.023 0.079 0.27

0.09 0.39 2.1

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

2.2E-08 8.3E-07 2.6E-05

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.000029 1.00055 1.012

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.003 0.055 1.22

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: HinesValley
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.44 2.3 14
Commercia Milk (locally produced) 0.081 0.53 35
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.82 5.9 41
Beef (locally produced) 0.0011 0.019 0.41
Leafy Vegetables (locally produced) 0.00051 0.0049 0.043
Eggs (localy produced) 0.027 0.19 1.2
Cottage Cheese (locally produced) 0.0011 0.011 0.13
Inhalation 0.023 0.078 0.26
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.52 2.7 15
Diet 2 0.18 0.89 4.8
Diet 3 0.079 0.34 1.7
ExcessLifetimeRisk [ ]
Diet 1 1.3E-06 1.9E-05 2.8E-04
Diet 2 5.4E-07 7.1E-06 9.1E-05
Diet 3 2.2E-07 2.6E-06 3.2E-05
Diet 4 3.4E-06 4.9E-05 6.7E-04
Relative Risk [ ]
Diet 1 1.00053 1.0056 1.055
Diet 2 1.00021 1.002 1.024
Diet 3 1.000094 1.00077 1.0084
Diet 4 1.0013 1.013 1.18
Probability of Causation [%]
Diet 1 0.053 0.556 521
Diet 2 0.021 0.199 2.30
Diet 3 0.009 0.077 0.84
Diet 4 0.130 1.272 15.28

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: HinesValley
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.55 2.9 16
Commercia Milk (locally produced) 0.11 0.65 4.2
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 11 8 50
Beef (locally produced) 0.0017 0.031 0.66
Leafy Vegetables (locally produced) 0.00048 0.0048 0.046
Eggs (localy produced) 0.028 0.21 1.3
Cottage Cheese (locally produced) 0.001 0.012 0.13
Inhalation 0.027 0.094 0.32
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.65 3.3 18
Diet 2 0.22 1.1 6
Diet 3 0.099 0.41 21

ExcessLifetimeRisk [ ]
Diet 1 1.3E-07 6.3E-06 2.1E-04
Diet 2 5.6E-08 2.3E-06 7.3E-05
Diet 3 2.3E-08 8.5E-07 2.6E-05
Diet 4 4.2E-07 1.5E-05 4.7E-04
Relative Risk [ ]
Diet 1 1.0002 1.0044 1.11
Diet 2 1.000069 1.0016 1.032
Diet 3 1.000031 1.00057 1.013
Diet 4 1.00038 1.011 1.29
Probability of Causation [%]

Diet 1 0.020 0.435 10.05
Diet 2 0.007 0.156 3.15
Diet 3 0.003 0.057 1.26
Diet 4 0.038 1.134 22.21

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Farragut
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.49 2.6 15
Commercia Milk (locally produced) 0.095 0.61 3.6
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.95 6.7 49
Beef (locally produced) 0.0013 0.021 0.48
Leafy Vegetables (locally produced) 0.00052 0.0057 0.05
Eggs (localy produced) 0.033 0.22 1.4
Cottage Cheese (locally produced) 0.0012 0.013 0.14
Inhalation 0.026 0.087 0.3
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.6 3 17
Diet 2 0.21 1 54
Diet 3 0.086 0.35 1.8

ExcessLifetimeRisk [ ]
Diet 1 1.5E-06 2.2E-05 3.2E-04
Diet 2 5.8E-07 8.0E-06 9.4E-05
Diet 3 2.3E-07 2.7E-06 3.3E-05
Diet 4 3.6E-06 5.5E-05 7.5E-04
Relative Risk [ ]
Diet 1 1.00064 1.0061 1.064
Diet 2 1.00026 1.0022 1.027
Diet 3 1.000099 1.00078 1.0086
Diet 4 1.0016 1.014 1.21
Probability of Causation [%]

Diet 1 0.064 0.609 5.97
Diet 2 0.026 0.223 2.62
Diet 3 0.010 0.078 0.85
Diet 4 0.159 1.427 16.98

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Farragut
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.63 3.2 17
Commercia Milk (locally produced) 0.13 0.74 4.3
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 1.3 9.2 60
Beef (locally produced) 0.002 0.034 0.85
Leafy Vegetables (locally produced) 0.00047 0.0054 0.049
Eggs (localy produced) 0.035 0.24 1.6
Cottage Cheese (locally produced) 0.0011 0.012 0.12
Inhalation 0.028 0.11 0.35
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.76 3.6 20
Diet 2 0.25 1.2 6.5
Diet 3 0.1 0.43 2.2

ExcessLifetimeRisk [ ]
Diet 1 1.7E-07 7.0E-06 2.3E-04
Diet 2 6.2E-08 2.4E-06 8.2E-05
Diet 3 2.5E-08 8.8E-07 2.7E-05
Diet 4 4.3E-07 1.7E-05 6.1E-04
Relative Risk [ ]
Diet 1 1.00026 1.0049 1.12
Diet 2 1.000089 1.0017 1.041
Diet 3 1.000032 1.00057 1.013
Diet 4 1.00053 1.013 1.31
Probability of Causation [%]

Diet 1 0.026 0.486 10.95
Diet 2 0.009 0.174 3.96
Diet 3 0.003 0.057 1.31
Diet 4 0.053 1.291 23.31

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Lenoir City
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.32 1.6 8.5
Commercia Milk (locally produced) 0.06 0.37 2.4
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.00079 0.013 0.23
Leafy Vegetables (locally produced) 0.00037 0.0035 0.027
Eggs (localy produced) 0.021 0.14 0.85
Cottage Cheese (locally produced) 0.00065 0.0076 0.085
Inhalation 0.016 0.055 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.37 1.9 9.3
Diet 2 0.13 0.6 34
Diet 3 0.073 0.31 1.7

ExcessLifetimeRisk [ ]
Diet 1 9.6E-07 1.3E-05 2.1E-04
Diet 2 3.8E-07 4.9E-06 7.0E-05
Diet 3 2.0E-07 2.5E-06 3.1E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00039 1.0037 1.038
Diet 2 1.00015 1.0013 1.017
Diet 3 1.000088 1.00071 1.0084
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.039 0.366 3.67
Diet 2 0.016 0.134 1.67
Diet 3 0.009 0.071 0.83
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Lenoir City
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.38 2 9.6
Commercia Milk (locally produced) 0.076 0.43 2.9
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0012 0.021 0.41
Leafy Vegetables (locally produced) 0.00037 0.0034 0.026
Eggs (localy produced) 0.021 0.15 0.9
Cottage Cheese (locally produced) 0.00067 0.0076 0.076
Inhalation 0.02 0.065 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.45 2.2 11
Diet 2 0.16 0.71 4
Diet 3 0.085 0.38 21

ExcessLifetimeRisk [ ]
Diet 1 8.8E-08 4.4E-06 1.2E-04
Diet 2 2.9E-08 1.5E-06 4.3E-05
Diet 3 2.1E-08 8.3E-07 2.6E-05
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00015 1.0029 1.059
Diet 2 1.000053 1.0011 1.025
Diet 3 1.000029 1.00054 1.012
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.015 0.293 5.58
Diet 2 0.005 0.106 244
Diet 3 0.003 0.04 1.21
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Kingston
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.35 2.1 12
Commercia Milk (locally produced) 0.079 0.47 2.9
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.75 55 38
Beef (locally produced) 0.001 0.017 0.35
Leafy Vegetables (locally produced) 0.00043 0.0043 0.04
Eggs (localy produced) 0.025 0.17 11
Cottage Cheese (locally produced) 0.00095 0.0098 0.11
Inhalation 0.022 0.071 0.25
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.43 24 13
Diet 2 0.16 0.79 4.4
Diet 3 0.076 0.33 1.7
ExcessLifetimeRisk [ ]
Diet 1 1.2E-06 1.7E-05 24E-04
Diet 2 4.4E-07 6.2E-06 8.1E-05
Diet 3 2.1E-07 2.7E-06 3.2E-05
Diet 4 3.1E-06 4.2E-05 6.4E-04
Relative Risk [ ]
Diet 1 1.00052 1.0048 1.052
Diet 2 1.0002 1.0017 1.021
Diet 3 1.000094 1.00073 1.0085
Diet 4 1.0013 1.011 1.16
Probability of Causation [%]
Diet 1 0.052 0.479 4.95
Diet 2 0.020 0.172 2.09
Diet 3 0.009 0.073 0.84
Diet 4 0.126 1.130 14.08

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Kingston
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.45 2.5 14
Commercia Milk (locally produced) 0.1 0.58 3.7
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.97 7.3 45
Beef (locally produced) 0.0016 0.026 0.57
Leafy Vegetables (locally produced) 0.0004 0.0042 0.038
Eggs (localy produced) 0.027 0.18 1.2
Cottage Cheese (locally produced) 0.00086 0.01 0.1
Inhalation 0.024 0.086 0.3
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.53 29 15
Diet 2 0.2 0.96 5.7
Diet 3 0.093 0.41 21

ExcessLifetimeRisk [ ]
Diet 1 1.2E-07 5.5E-06 1.7E-04
Diet 2 4.6E-08 2.0E-06 6.1E-05
Diet 3 2.4E-08 8.5E-07 2.6E-05
Diet 4 3.4E-07 1.3E-05 4.5E-04
Relative Risk [ ]
Diet 1 1.00018 1.0039 1.089
Diet 2 1.00006 1.0014 1.033
Diet 3 1.00003 1.00057 1.013
Diet 4 1.00035 1.0099 1.29
Probability of Causation [%]

Diet 1 0.018 0.387 8.19
Diet 2 0.006 0.136 3.15
Diet 3 0.003 0.057 1.27
Diet 4 0.035 0.981 22.22

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all

other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Karns
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.51 2.8 16
Commercia Milk (locally produced) 0.11 0.65 3.6
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.99 7.1 51
Beef (locally produced) 0.0013 0.022 0.47
Leafy Vegetables (locally produced) 0.00056 0.0059 0.05
Eggs (localy produced) 0.034 0.23 15
Cottage Cheese (locally produced) 0.0013 0.013 0.14
Inhalation 0.029 0.095 0.33
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.63 3.2 18
Diet 2 0.23 1.1 54
Diet 3 0.088 0.36 1.8
ExcessLifetimeRisk [ ]
Diet 1 1.6E-06 2.4E-05 3.3E-04
Diet 2 6.2E-07 8.5E-06 1.0E-04
Diet 3 2.4E-07 2.8E-06 3.3E-05
Diet 4 3.8E-06 5.6E-05 7.8E-04
Relative Risk [ ]
Diet 1 1.00067 1.0063 1.067
Diet 2 1.00028 1.0024 1.028
Diet 3 1.00011 1.0008 1.0089
Diet 4 1.0018 1.016 1.22
Probability of Causation [%]
Diet 1 0.067 0.631 6.32
Diet 2 0.028 0.243 2.69
Diet 3 0.011 0.080 0.88
Diet 4 0.177 1.551 18.08

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-131



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Karns
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.67 3.4 17
Commercia Milk (locally produced) 0.14 0.79 4.3
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 1.3 9.7 62
Beef (locally produced) 0.0021 0.036 0.76
Leafy Vegetables (locally produced) 0.00053 0.0058 0.049
Eggs (localy produced) 0.037 0.25 1.6
Cottage Cheese (locally produced) 0.0012 0.013 0.13
Inhalation 0.033 0.12 0.39
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.79 3.9 19
Diet 2 0.27 1.3 6.8
Diet 3 0.1 0.44 2.2
ExcessLifetimeRisk [ ]
Diet 1 1.8E-07 7.6E-06 2.2E-04
Diet 2 6.3E-08 2.7E-06 8.4E-05
Diet 3 2.5E-08 8.9E-07 2.8E-05
Diet 4 4.7E-07 1.8E-05 6.3E-04
Relative Risk [ ]
Diet 1 1.00026 1.0052 1.13
Diet 2 1.000089 1.0019 1.041
Diet 3 1.000033 1.0006 1.014
Diet 4 1.00052 1.014 1.32
Probability of Causation [%]
Diet 1 0.026 0.516 11.49
Diet 2 0.009 0.185 3.96
Diet 3 0.003 0.060 1.34
Diet 4 0.052 1.364 24.04

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Loudon
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.29 15 8.8
Commercia Milk (locally produced) 0.054 0.36 2.3
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.54 4 29
Beef (locally produced) 0.00081 0.012 0.26
Leafy Vegetables (locally produced) 0.00032 0.0033 0.028
Eggs (localy produced) 0.019 0.13 0.8
Cottage Cheese (locally produced) 0.0007 0.0075 0.084
Inhalation 0.017 0.056 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.35 1.8 10
Diet 2 0.12 0.6 34
Diet 3 0.073 0.32 1.7

ExcessLifetimeRisk [ ]
Diet 1 9.3E-07 1.3E-05 1.9E-04
Diet 2 3.5E-07 4.9E-06 6.4E-05
Diet 3 2.0E-07 2.5E-06 3.1E-05
Diet 4 2.3E-06 3.3E-05 4.8E-04
Relative Risk [ ]
Diet 1 1.00038 1.0035 1.039
Diet 2 1.00015 1.0013 1.016
Diet 3 1.000086 1.0007 1.0083
Diet 4 1.00091 1.0084 1.13
Probability of Causation [%]

Diet 1 0.038 0.352 3.78
Diet 2 0.015 0.130 1.55
Diet 3 0.009 0.070 0.83
Diet 4 0.091 0.834 11.30

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Loudon
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.37 1.9 11
Commercia Milk (locally produced) 0.07 0.44 2.9
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.72 55 35
Beef (locally produced) 0.0012 0.02 04
Leafy Vegetables (locally produced) 0.0003 0.0032 0.029
Eggs (localy produced) 0.02 0.14 0.86
Cottage Cheese (locally produced) 0.00062 0.0074 0.076
Inhalation 0.02 0.069 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.44 2.2 12
Diet 2 0.15 0.74 4.1
Diet 3 0.086 0.38 21

ExcessLifetimeRisk [ ]
Diet 1 9.5E-08 4.2E-06 1.2E-04
Diet 2 3.7E-08 1.5E-06 4.7E-05
Diet 3 2.2E-08 8.0E-07 2.6E-05
Diet 4 2.7E-07 9.7E-06 3.6E-04
Relative Risk [ ]
Diet 1 1.00014 1.003 1.072
Diet 2 1.000047 1.001 1.023
Diet 3 1.000028 1.00054 1.012
Diet 4 1.00026 1.0077 1.18
Probability of Causation [%]

Diet 1 0.014 0.301 6.71
Diet 2 0.005 0.104 2.28
Diet 3 0.003 0.054 1.17
Diet 4 0.026 0.761 15.14

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Harriman
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.91 4.9
Commercia Milk (locally produced) 0.036 0.21 1.3
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.31 2.3 17
Beef (locally produced) 0.00047 0.0076 0.14
Leafy Vegetables (locally produced) 0.00021 0.002 0.016
Eggs (localy produced) 0.012 0.078 0.49
Cottage Cheese (locally produced) 0.00038 0.0043 0.047
Inhalation 0.0093 0.031 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 11 54
Diet 2 0.075 0.35 2
Diet 3 0.059 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.3E-07 7.5E-06 1.2E-04
Diet 2 2.1E-07 2.9E-06 3.9E-05
Diet 3 1.7E-07 2.3E-06 3.0E-05
Diet 4 1.4E-06 1.8E-05 3.0E-04
Relative Risk [ ]
Diet 1 1.00021 1.0021 1.022
Diet 2 1.000089 1.00077 1.0098
Diet 3 1.000077 1.00066 1.008
Diet 4 1.00056 1.0049 1.069
Probability of Causation [%]
Diet 1 0.021 0.212 2.18
Diet 2 0.009 0.077 0.97
Diet 3 0.008 0.066 0.79
Diet 4 0.056 0.492 6.42

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Harriman
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.22 11 57
Commercia Milk (locally produced) 0.044 0.25 17
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.43 3.2 21
Beef (locally produced) 0.0007 0.012 0.24
Leafy Vegetables (locally produced) 0.00022 0.002 0.015
Eggs (localy produced) 0.012 0.083 0.51
Cottage Cheese (locally produced) 0.00039 0.0043 0.042
Inhalation 0.011 0.036 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.25 1.3 6.4
Diet 2 0.09 0.41 24
Diet 3 0.072 0.34 2

ExcessLifetimeRisk [ ]
Diet 1 5.0E-08 2.5E-06 6.9E-05
Diet 2 1.7E-08 8.8E-07 2.6E-05
Diet 3 1.9E-08 7.5E-07 2.5E-05
Diet 4 1.6E-07 5.8E-06 1.9E-04
Relative Risk [ ]
Diet 1 1.000088 1.0017 1.035
Diet 2 1.00003 1.00061 1.014
Diet 3 1.000026 1.0005 1.011
Diet 4 1.00018 1.0046 1.11
Probability of Causation [%]

Diet 1 0.009 0.171 3.42
Diet 2 0.003 0.061 1.39
Diet 3 0.003 0.050 1.12
Diet 4 0.018 0.459 10.16

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-136



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
Location: Cedar Bluff
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.41 2.2 13
Commercia Milk (locally produced) 0.081 0.49 3.2
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.78 5.6 38
Beef (locally produced) 0.0011 0.018 04
Leafy Vegetables (locally produced) 0.00048 0.0047 0.038
Eggs (localy produced) 0.026 0.18 11
Cottage Cheese (locally produced) 0.001 0.01 0.12
Inhalation 0.023 0.078 0.27
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.5 2.5 14
Diet 2 0.18 0.84 4.5
Diet 3 0.081 0.34 1.7
ExcessLifetimeRisk [ ]
Diet 1 1.2E-06 1.8E-05 2.7E-04
Diet 2 5.0E-07 6.7E-06 8.7E-05
Diet 3 2.2E-07 2.6E-06 3.2E-05
Diet 4 3.1E-06 4.5E-05 6.3E-04
Relative Risk [ ]
Diet 1 1.00053 1.0052 1.051
Diet 2 1.00021 1.0019 1.021
Diet 3 1.000094 1.00076 1.0085
Diet 4 1.0013 1.012 1.17
Probability of Causation [%]
Diet 1 0.053 0.517 4.87
Diet 2 0.021 0.191 2.10
Diet 3 0.009 0.076 0.84
Diet 4 0.132 1.184 14.20

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
Location: Cedar Bluff
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.54 2.7 15
Commercia Milk (locally produced) 0.11 0.61 3.7
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 1 7.7 49
Beef (locally produced) 0.0016 0.028 0.61
Leafy Vegetables (locally produced) 0.00045 0.0046 0.04
Eggs (localy produced) 0.028 0.2 12
Cottage Cheese (locally produced) 0.00099 0.011 0.11
Inhalation 0.027 0.095 0.32
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.63 31 16
Diet 2 0.21 1 5.7
Diet 3 0.098 0.41 2.1

ExcessLifetimeRisk [ ]
Diet 1 1.3E-07 6.0E-06 1.8E-04
Diet 2 5.0E-08 2.2E-06 6.7E-05
Diet 3 2.3E-08 8.6E-07 2.6E-05
Diet 4 4.0E-07 1.4E-05 4.2E-04
Relative Risk [ ]
Diet 1 1.0002 1.0041 1.1
Diet 2 1.000067 1.0015 1.03
Diet 3 1.000031 1.00057 1.013
Diet 4 1.00035 1.011 1.27
Probability of Causation [%]

Diet 1 0.020 0.408 9.17
Diet 2 0.007 0.148 294
Diet 3 0.003 0.057 1.27
Diet 4 0.035 1.068 21.23

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
Location: Oakdale
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.09 0.51 3.1
Commercia Milk (locally produced) 0.018 0.12 0.76
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.16 1.3 9.3
Beef (locally produced) 0.00027 0.0042 0.087
Leafy Vegetables (locally produced) 0.0001 0.0011 0.009
Eggs (localy produced) 0.0059 0.044 0.28
Cottage Cheese (locally produced) 0.00022 0.0025 0.029
Inhalation 0.0052 0.018 0.066
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.11 0.6 35
Diet 2 0.038 0.2 1.1
Diet 3 0.054 0.27 1.6

ExcessLifetimeRisk [ ]
Diet 1 2.7E-07 4.3E-06 6.3E-05
Diet 2 1.1E-07 1.6E-06 2.1E-05
Diet 3 1.6E-07 2.2E-06 3.0E-05
Diet 4 6.8E-07 1.1E-05 1.5E-04
Relative Risk [ ]
Diet 1 1.00011 1.0012 1.013
Diet 2 1.000047 1.00044 1.0053
Diet 3 1.000072 1.00062 1.0077
Diet 4 1.00027 1.0028 1.042
Probability of Causation [%]

Diet 1 0.011 0.123 1.25
Diet 2 0.005 0.044 0.53
Diet 3 0.007 0.062 0.77
Diet 4 0.027 0.279 3.98

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999

Location: Oakdale
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.11 0.63 3.8
Commercia Milk (locally produced) 0.023 0.15 0.94
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.22 1.8 12
Beef (locally produced) 0.00041 0.0066 0.14
Leafy Vegetables (locally produced) 0.0001 0.0011 0.0094
Eggs (localy produced) 0.0061 0.047 0.31
Cottage Cheese (locally produced) 0.00022 0.0025 0.026
Inhalation 0.0061 0.022 0.077

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.13 0.73 4.3
Diet 2 0.048 0.24 1.3
Diet 3 0.065 0.32 2

ExcessLifetimeRisk [ ]

Diet 1 2.7E-08 1.4E-06 4.2E-05
Diet 2 1.1E-08 5.1E-07 1.7E-05
Diet 3 1.8E-08 7.0E-07 2.4E-05
Diet 4 8.8E-08 3.3E-06 1.2E-04

Relative Risk [ ]

Diet 1 1.00005 1.00097 1.023
Diet 2 1.000016 1.00034 1.0079
Diet 3 1.000023 1.00047 1.011
Diet 4 1.000091 1.0026 1.067

Probability of Causation [%]

Diet 1 0.005 0.097 2.28
Diet 2 0.002 0.034 0.79
Diet 3 0.002 0.047 1.09
Diet 4 0.009 0.254 6.21

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Claxton
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.35 18 11
Commercia Milk (locally produced) 0.068 041 2.6
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.68 4.7 32
Beef (locally produced) 0.00091 0.015 0.32
Leafy Vegetables (locally produced) 0.00039 0.0039 0.032
Eggs (localy produced) 0.022 0.15 0.94
Cottage Cheese (locally produced) 0.00085 0.0086 0.098
Inhalation 0.02 0.064 0.22
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.42 2.1 12
Diet 2 0.15 0.7 3.8
Diet 3 0.075 0.32 1.7

ExcessLifetimeRisk [ ]
Diet 1 1.1E-06 1.5E-05 2.2E-04
Diet 2 4.3E-07 5.7E-06 7.2E-05
Diet 3 2.1E-07 2.6E-06 3.2E-05
Diet 4 2.7E-06 3.8E-05 5.1E-04
Relative Risk [ ]
Diet 1 1.00043 1.0043 1.043
Diet 2 1.00018 1.0016 1.018
Diet 3 1.000089 1.00073 1.0083
Diet 4 1.0011 1.0098 1.13
Probability of Causation [%]

Diet 1 0.043 0.432 411
Diet 2 0.018 0.159 1.78
Diet 3 0.009 0.073 0.82
Diet 4 0.114 0.975 11.67

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Claxton
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.45 2.2 12
Commercia Milk (locally produced) 0.092 0.51 3.1
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.9 6.4 40
Beef (locally produced) 0.0014 0.024 0.5
Leafy Vegetables (locally produced) 0.00038 0.0038 0.034
Eggs (localy produced) 0.023 0.16 0.99
Cottage Cheese (locally produced) 0.00084 0.0088 0.091
Inhalation 0.023 0.079 0.26
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.53 2.6 14
Diet 2 0.18 0.85 4.8
Diet 3 0.092 0.39 21

ExcessLifetimeRisk [ ]
Diet 1 1.1E-07 5.0E-06 1.5E-04
Diet 2 4.2E-08 1.8E-06 5.6E-05
Diet 3 2.2E-08 8.3E-07 2.6E-05
Diet 4 3.2E-07 1.2E-05 3.6E-04
Relative Risk [ ]
Diet 1 1.00017 1.0035 1.083
Diet 2 1.000056 1.0012 1.026
Diet 3 1.000029 1.00055 1.012
Diet 4 1.0003 1.0091 1.23
Probability of Causation [%]

Diet 1 0.017 0.345 7.68
Diet 2 0.006 0.122 254
Diet 3 0.003 0.055 1.23
Diet 4 0.030 0.897 18.34

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Dutch Valley
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.89 4.6
Commercia Milk (locally produced) 0.033 0.2 1.3
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.28 2.2 17
Beef (locally produced) 0.00043 0.0073 0.13
Leafy Vegetables (locally produced) 0.00019 0.0019 0.015
Eggs (localy produced) 0.011 0.075 0.46
Cottage Cheese (locally produced) 0.00038 0.0042 0.044
Inhalation 0.0092 0.031 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 1 52
Diet 2 0.071 0.34 1.8
Diet 3 0.058 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.0E-07 7.2E-06 1.1E-04
Diet 2 2.1E-07 2.7E-06 3.7E-05
Diet 3 1.7E-07 2.3E-06 3.0E-05
Diet 4 1.2E-06 1.7E-05 2.8E-04
Relative Risk [ ]
Diet 1 1.00022 1.002 1.022
Diet 2 1.000087 1.00076 1.0089
Diet 3 1.000078 1.00066 1.008
Diet 4 1.00053 1.005 1.067
Probability of Causation [%]
Diet 1 0.022 0.203 214
Diet 2 0.009 0.076 0.88
Diet 3 0.008 0.066 0.79
Diet 4 0.053 0.499 6.28

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Dutch Valley
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.2 11 54
Commercia Milk (locally produced) 0.043 0.24 15
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.38 3.1 20
Beef (locally produced) 0.00065 0.011 0.22
Leafy Vegetables (locally produced) 0.00019 0.0018 0.015
Eggs (localy produced) 0.012 0.079 0.5
Cottage Cheese (locally produced) 0.00038 0.0042 0.039
Inhalation 0.011 0.037 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.24 1.2 6.2
Diet 2 0.084 04 2.2
Diet 3 0.071 0.34 2

ExcessLifetimeRisk [ ]
Diet 1 5.3E-08 2.5E-06 6.4E-05
Diet 2 1.8E-08 8.7E-07 2.5E-05
Diet 3 1.9E-08 7.5E-07 2.5E-05
Diet 4 1.5E-07 5.6E-06 1.9E-04
Relative Risk [ ]
Diet 1 1.000083 1.0016 1.037
Diet 2 1.000028 1.00059 1.013
Diet 3 1.000025 1.00048 1.011
Diet 4 1.00017 1.0044 1.098
Probability of Causation [%]

Diet 1 0.008 0.164 3.55
Diet 2 0.003 0.059 1.29
Diet 3 0.002 0.048 1.13
Diet 4 0.017 0.437 8.86

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Clinton
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.26 14 8.2
Commercia Milk (locally produced) 0.054 0.32 2
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.46 3.6 25
Beef (locally produced) 0.0007 0.011 0.24
Leafy Vegetables (locally produced) 0.0003 0.003 0.024
Eggs (localy produced) 0.018 0.12 0.71
Cottage Cheese (locally produced) 0.00064 0.0069 0.075
Inhalation 0.015 0.05 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.32 1.7 9.2
Diet 2 0.11 0.55 3
Diet 3 0.069 0.31 1.7
ExcessLifetimeRisk [ ]
Diet 1 7.6E-07 1.2E-05 1.7E-04
Diet 2 3.1E-07 4.3E-06 5.6E-05
Diet 3 1.9e-07 2.4E-06 3.1E-05
Diet 4 1.9E-06 2.9E-05 4.1E-04
Relative Risk [ ]
Diet 1 1.00033 1.0033 1.034
Diet 2 1.00013 1.0012 1.013
Diet 3 1.000082 1.0007 1.0081
Diet 4 1.00088 1.0076 1.11
Probability of Causation [%]
Diet 1 0.033 0.328 3.29
Diet 2 0.013 0.123 1.31
Diet 3 0.008 0.070 0.81
Diet 4 0.088 0.756 10.04

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Clinton
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.34 1.7 9.6
Commercia Milk (locally produced) 0.071 0.39 2.4
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.67 4.9 32
Beef (locally produced) 0.0011 0.018 0.38
Leafy Vegetables (locally produced) 0.00029 0.003 0.024
Eggs (localy produced) 0.019 0.13 0.78
Cottage Cheese (locally produced) 0.00064 0.0069 0.068
Inhalation 0.018 0.059 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.39 2 11
Diet 2 0.14 0.66 3.6
Diet 3 0.084 0.37 21

ExcessLifetimeRisk [ ]
Diet 1 8.5E-08 3.9E-06 1.1E-04
Diet 2 3.1E-08 1.4E-06 4.5E-05
Diet 3 2.1E-08 8.0E-07 2.5E-05
Diet 4 2.4E-07 8.9E-06 3.1E-04
Relative Risk [ ]
Diet 1 1.00013 1.0026 1.061
Diet 2 1.000044 1.00092 1.02
Diet 3 1.000027 1.00053 1.012
Diet 4 1.00022 1.0069 1.17
Probability of Causation [%]

Diet 1 0.013 0.260 5.76
Diet 2 0.004 0.092 1.91
Diet 3 0.003 0.053 1.17
Diet 4 0.022 0.685 14.75

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Friendsville
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.14 0.8 4.5
Commercia Milk (locally produced) 0.029 0.19 11
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.29 2 15
Beef (locally produced) 0.00041 0.0064 0.14
Leafy Vegetables (locally produced) 0.00016 0.0017 0.015
Eggs (localy produced) 0.0095 0.065 0.45
Cottage Cheese (locally produced) 0.00035 0.0038 0.039
Inhalation 0.0096 0.034 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.17 0.94 51
Diet 2 0.063 0.32 1.6
Diet 3 0.059 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.1E-07 6.9E-06 1.0E-04
Diet 2 1.9e-07 2.5E-06 3.1E-05
Diet 3 1.8E-07 2.3E-06 3.0E-05
Diet 4 1.1E-06 1.7E-05 2.5E-04
Relative Risk [ ]
Diet 1 1.0002 1.0019 1.02
Diet 2 1.00008 1.00071 1.0082
Diet 3 1.000077 1.00066 1.008
Diet 4 1.00051 1.0046 1.065
Probability of Causation [%]
Diet 1 0.020 0.189 1.95
Diet 2 0.008 0.071 0.81
Diet 3 0.008 0.066 0.79
Diet 4 0.051 0.459 6.12

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Friendsville
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.96 53
Commercia Milk (locally produced) 0.038 0.23 14
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.37 2.8 20
Beef (locally produced) 0.00061 0.01 0.24
Leafy Vegetables (locally produced) 0.00015 0.0017 0.014
Eggs (localy produced) 0.011 0.073 0.52
Cottage Cheese (locally produced) 0.00035 0.0038 0.036
Inhalation 0.011 0.041 0.14
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.22 1.1 5.9
Diet 2 0.074 0.38 2
Diet 3 0.074 0.35 21

ExcessLifetimeRisk [ ]
Diet 1 4.9E-08 2.3E-06 7.1E-05
Diet 2 2.0E-08 8.0E-07 2.5E-05
Diet 3 1.9E-08 7.6E-07 2.5E-05
Diet 4 1.3E-07 5.3E-06 1.9E-04
Relative Risk [ ]
Diet 1 1.000076 1.0015 1.037
Diet 2 1.000027 1.00056 1.012
Diet 3 1.000025 1.00049 1.011
Diet 4 1.00016 1.004 1.094
Probability of Causation [%]

Diet 1 0.008 0.154 3.56
Diet 2 0.003 0.056 1.20
Diet 3 0.002 0.049 1.13
Diet 4 0.016 0.399 8.56

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Appendix 11-C July 1999
L ocation: Wartburg
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.034 0.22 1.3
Commercia Milk (locally produced) 0.0076 0.051 0.34
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.075 0.59 4.2
Beef (locally produced) 0.00012 0.0018 0.042
Leafy Vegetables (locally produced) 0.000041 0.00047 0.0046
Eggs (localy produced) 0.0023 0.018 0.12
Cottage Cheese (locally produced) 0.000091 0.0011 0.011
Inhalation 0.0022 0.008 0.033
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.043 0.26 1.4
Diet 2 0.015 0.086 0.51
Diet 3 0.047 0.26 1.6

ExcessLifetimeRisk [ ]
Diet 1 1.1E-07 1.8E-06 3.0E-05
Diet 2 5.0E-08 6.8E-07 1.0E-05
Diet 3 1.5E-07 2.1E-06 2.9E-05
Diet 4 3.0E-07 4.6E-06 8.2E-05
Relative Risk [ ]
Diet 1 1.000052 1.00051 1.0066
Diet 2 1.00002 1.00019 1.0027
Diet 3 1.000066 1.00061 1.0076
Diet 4 1.00012 1.0012 1.019
Probability of Causation [%]

Diet 1 0.005 0.051 0.66
Diet 2 0.002 0.019 0.27
Diet 3 0.007 0.060 0.75
Diet 4 0.012 0.122 1.88

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Wartburg
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.044 0.27 15
Commercia Milk (locally produced) 0.0095 0.062 0.44
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.1 0.78 55
Beef (locally produced) 0.00018 0.0028 0.068
Leafy Vegetables (locally produced) 0.000042 0.00046 0.0043
Eggs (localy produced) 0.0025 0.02 0.13
Cottage Cheese (locally produced) 0.000088 0.0011 0.011
Inhalation 0.0025 0.0097 0.038
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.052 0.31 1.7
Diet 2 0.018 0.1 0.65
Diet 3 0.06 0.31 2

ExcessLifetimeRisk [ ]
Diet 1 1.2E-08 6.0E-07 1.9E-05
Diet 2 4.8E-09 2.2E-07 6.4E-06
Diet 3 1.7E-08 6.7E-07 2.4E-05
Diet 4 3.5E-08 1.4E-06 5.4E-05
Relative Risk [ ]
Diet 1 1.000018 1.00042 1.0099
Diet 2 1.000006 1.00015 1.0036
Diet 3 1.000021 1.00046 1.011
Diet 4 1.000037 1.0011 1.03
Probability of Causation [%]

Diet 1 0.002 0.042 0.98
Diet 2 0.001 0.015 0.36
Diet 3 0.002 0.046 1.07
Diet 4 0.004 0.106 2.88

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-150
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Rockwood
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 0.9 54
Commercia Milk (locally produced) 0.035 0.21 14
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.34 2.3 17
Beef (locally produced) 0.00048 0.0074 0.17
Leafy Vegetables (locally produced) 0.00019 0.002 0.017
Eggs (localy produced) 0.011 0.077 0.47
Cottage Cheese (locally produced) 0.00041 0.0044 0.046
Inhalation 0.01 0.035 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.1 6
Diet 2 0.075 0.36 21
Diet 3 0.063 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.1E-07 7.8E-06 1.2E-04
Diet 2 2.1E-07 2.9E-06 3.5E-05
Diet 3 1.8E-07 2.3E-06 3.0E-05
Diet 4 1.3E-06 1.9E-05 2.8E-04
Relative Risk [ ]
Diet 1 1.00023 1.0022 1.023
Diet 2 1.000096 1.00077 1.0091
Diet 3 1.00008 1.00066 1.0079
Diet 4 1.00054 1.0051 1.073
Probability of Causation [%]
Diet 1 0.023 0.216 2.23
Diet 2 0.010 0.077 0.91
Diet 3 0.008 0.066 0.79
Diet 4 0.054 0.502 6.80

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-151
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Rockwood
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.21 11 6.4
Commercia Milk (locally produced) 0.046 0.26 1.6
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.43 3.3 21
Beef (locally produced) 0.00073 0.012 0.26
Leafy Vegetables (locally produced) 0.00019 0.0019 0.017
Eggs (localy produced) 0.012 0.083 0.53
Cottage Cheese (locally produced) 0.0004 0.0044 0.044
Inhalation 0.012 0.043 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.25 13 7.2
Diet 2 0.092 0.43 24
Diet 3 0.074 0.35 2

ExcessLifetimeRisk [ ]
Diet 1 5.9E-08 2.4E-06 7.3E-05
Diet 2 2.3E-08 8.5E-07 2.8E-05
Diet 3 2.0E-08 7.5E-07 2.5E-05
Diet 4 1.6E-07 5.6E-06 2.0E-04
Relative Risk [ ]
Diet 1 1.000082 1.0017 1.042
Diet 2 1.00003 1.00062 1.014
Diet 3 1.000025 1.0005 1.011
Diet 4 1.00015 1.0045 111
Probability of Causation [%]

Diet 1 0.008 0.172 4.02
Diet 2 0.003 0.062 1.41
Diet 3 0.002 0.050 1.13
Diet 4 0.015 0.444 9.94

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-152
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Louisville
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.15 0.85 4.5
Commercia Milk (locally produced) 0.032 0.2 12
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.28 2.2 16
Beef (locally produced) 0.00044 0.0068 0.14
Leafy Vegetables (locally produced) 0.00019 0.0018 0.016
Eggs (localy produced) 0.01 0.071 0.45
Cottage Cheese (locally produced) 0.00037 0.0041 0.042
Inhalation 0.01 0.035 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.18 0.99 51
Diet 2 0.068 0.33 1.8
Diet 3 0.061 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.0E-07 7.0E-06 1.0E-04
Diet 2 2.1E-07 2.6E-06 3.6E-05
Diet 3 1.7E-07 2.3E-06 3.0E-05
Diet 4 1.2E-06 1.7E-05 2.9E-04
Relative Risk [ ]
Diet 1 1.00022 1.002 1.022
Diet 2 1.000087 1.00073 1.0089
Diet 3 1.000079 1.00067 1.008
Diet 4 1.00051 1.0048 1.068
Probability of Causation [%]
Diet 1 0.022 0.199 215
Diet 2 0.009 0.073 0.88
Diet 3 0.008 0.067 0.80
Diet 4 0.051 0.480 6.33

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-153
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Louisville
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 1 52
Commercia Milk (locally produced) 0.041 0.24 15
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.38 2.9 20
Beef (locally produced) 0.00067 0.011 0.22
Leafy Vegetables (locally produced) 0.00018 0.0018 0.015
Eggs (localy produced) 0.011 0.076 0.48
Cottage Cheese (locally produced) 0.00036 0.004 0.038
Inhalation 0.012 0.042 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.22 1.2 5.9
Diet 2 0.083 04 2.2
Diet 3 0.073 0.35 2

ExcessLifetimeRisk [ ]
Diet 1 5.2E-08 2.3E-06 6.5E-05
Diet 2 1.9E-08 8.5E-07 2.4E-05
Diet 3 1.9E-08 7.5E-07 2.5E-05
Diet 4 1.4E-07 5.5E-06 1.9E-04
Relative Risk [ ]
Diet 1 1.000072 1.0016 1.035
Diet 2 1.000026 1.00058 1.013
Diet 3 1.000025 1.0005 1.012
Diet 4 1.00015 1.0042 1.1
Probability of Causation [%]

Diet 1 0.007 0.162 3.39
Diet 2 0.003 0.058 1.30
Diet 3 0.003 0.050 1.15
Diet 4 0.015 0.416 9.17

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-154
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Barnardville
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 0.94 54
Commercia Milk (locally produced) 0.036 0.22 1.3
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.33 25 18
Beef (locally produced) 0.00051 0.0078 0.16
Leafy Vegetables (locally produced) 0.0002 0.002 0.018
Eggs (localy produced) 0.011 0.081 0.51
Cottage Cheese (locally produced) 0.0004 0.0046 0.05
Inhalation 0.012 0.041 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.1 6.1
Diet 2 0.078 0.38 21
Diet 3 0.063 0.3 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.7E-07 8.4E-06 1.2E-04
Diet 2 2.2E-07 3.0E-06 4.0E-05
Diet 3 1.8E-07 2.4E-06 3.0E-05
Diet 4 1.5E-06 2.0E-05 3.1E-04
Relative Risk [ ]
Diet 1 1.00024 1.0023 1.024
Diet 2 1.000096 1.00082 1.0098
Diet 3 1.00008 1.00068 1.0081
Diet 4 1.00056 1.0054 1.081
Probability of Causation [%]
Diet 1 0.024 0.225 2.33
Diet 2 0.010 0.082 0.97
Diet 3 0.008 0.068 0.80
Diet 4 0.056 0.536 7.50

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-155
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Barnardville
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.22 12 6.5
Commercia Milk (locally produced) 0.046 0.27 17
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.45 34 21
Beef (locally produced) 0.00076 0.012 0.25
Leafy Vegetables (locally produced) 0.00019 0.002 0.017
Eggs (localy produced) 0.012 0.088 0.55
Cottage Cheese (locally produced) 0.0004 0.0047 0.045
Inhalation 0.014 0.049 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.27 1.4 7.3
Diet 2 0.098 0.46 2.6
Diet 3 0.076 0.36 21

ExcessLifetimeRisk [ ]
Diet 1 6.1E-08 2.6E-06 7.6E-05
Diet 2 2.3E-08 9.4E-07 2.8E-05
Diet 3 2.0E-08 7.6E-07 2.5E-05
Diet 4 1.7E-07 6.2E-06 2.1E-04
Relative Risk [ ]
Diet 1 1.000086 1.0019 1.045
Diet 2 1.000031 1.00066 1.015
Diet 3 1.000026 1.00052 1.012
Diet 4 1.00017 1.0046 1.13
Probability of Causation [%]

Diet 1 0.009 0.192 4.26
Diet 2 0.003 0.066 1.48
Diet 3 0.003 0.052 1.15
Diet 4 0.017 0.459 11.69

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-156
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Greenback
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.099 0.51 3.2
Commercia Milk (locally produced) 0.018 0.12 0.83
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.18 1.4 10
Beef (locally produced) 0.00029 0.0044 0.087
Leafy Vegetables (locally produced) 0.00011 0.0011 0.01
Eggs (localy produced) 0.0064 0.044 0.3
Cottage Cheese (locally produced) 0.00026 0.0025 0.028
Inhalation 0.0069 0.023 0.087
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.12 0.6 3.6
Diet 2 0.043 0.21 1.2
Diet 3 0.057 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 3.2E-07 4.4E-06 7.1E-05
Diet 2 1.4E-07 1.7E-06 2.4E-05
Diet 3 1.7E-07 2.2E-06 3.0E-05
Diet 4 7.9e-07 1.0E-05 1.8E-04
Relative Risk [ ]
Diet 1 1.00013 1.0012 1.014
Diet 2 1.000053 1.00045 1.0058
Diet 3 1.000075 1.00064 1.0079
Diet 4 1.00029 1.0029 1.046
Probability of Causation [%]
Diet 1 0.013 0.122 1.42
Diet 2 0.005 0.045 0.58
Diet 3 0.007 0.064 0.78
Diet 4 0.029 0.288 4.35

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-157
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Greenback
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.64 3.8
Commercia Milk (locally produced) 0.024 0.15 1
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.22 1.8 13
Beef (locally produced) 0.00042 0.007 0.14
Leafy Vegetables (locally produced) 0.00011 0.0011 0.011
Eggs (localy produced) 0.0068 0.047 0.31
Cottage Cheese (locally produced) 0.0002 0.0025 0.027
Inhalation 0.0085 0.028 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.15 0.75 4.3
Diet 2 0.052 0.25 15
Diet 3 0.069 0.33 2
ExcessLifetimeRisk [ ]
Diet 1 3.2E-08 1.4E-06 3.9E-05
Diet 2 1.2E-08 5.1E-07 1.7E-05
Diet 3 1.9E-08 7.2E-07 2.4E-05
Diet 4 9.3E-08 3.3E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.000041 1.001 1.025
Diet 2 1.000015 1.00039 1.0088
Diet 3 1.000024 1.00048 1.011
Diet 4 1.00009 1.0026 1.058
Probability of Causation [%]
Diet 1 0.004 0.105 244
Diet 2 0.002 0.039 0.88
Diet 3 0.002 0.048 1.10
Diet 4 0.009 0.264 5.49

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-158
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Rockford
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.81 4.6
Commercia Milk (locally produced) 0.03 0.19 12
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.29 2.1 15
Beef (locally produced) 0.00043 0.0068 0.14
Leafy Vegetables (locally produced) 0.00017 0.0018 0.015
Eggs (localy produced) 0.01 0.069 0.42
Cottage Cheese (locally produced) 0.00038 0.004 0.043
Inhalation 0.011 0.035 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.2 0.95 52
Diet 2 0.068 0.33 1.7
Diet 3 0.062 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.0E-07 7.0E-06 9.5E-05
Diet 2 2.1E-07 2.7E-06 3.4E-05
Diet 3 1.8E-07 2.3E-06 3.1E-05
Diet 4 1.2E-06 1.7E-05 2.4E-04
Relative Risk [ ]
Diet 1 1.0002 1.002 1.02
Diet 2 1.000084 1.00072 1.0082
Diet 3 1.000078 1.00067 1.008
Diet 4 1.00053 1.0045 1.063
Probability of Causation [%]
Diet 1 0.020 0.196 1.99
Diet 2 0.008 0.072 0.81
Diet 3 0.008 0.067 0.79
Diet 4 0.053 0.444 591

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-159
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Rockford
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.2 1 55
Commercia Milk (locally produced) 0.04 0.23 14
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.39 2.9 19
Beef (locally produced) 0.00066 0.011 0.22
Leafy Vegetables (locally produced) 0.00018 0.0017 0.015
Eggs (localy produced) 0.011 0.075 0.45
Cottage Cheese (locally produced) 0.00035 0.004 0.039
Inhalation 0.013 0.042 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.24 1.2 6.3
Diet 2 0.089 04 21
Diet 3 0.077 0.35 21

ExcessLifetimeRisk [ ]
Diet 1 5.1E-08 2.3E-06 6.5E-05
Diet 2 1.9E-08 8.3E-07 2.7E-05
Diet 3 2.0E-08 7.6E-07 2.5E-05
Diet 4 1.4E-07 5.2E-06 1.9E-04
Relative Risk [ ]
Diet 1 1.000077 1.0016 1.037
Diet 2 1.000026 1.00058 1.013
Diet 3 1.000026 1.0005 1.011
Diet 4 1.00014 1.0041 1.1
Probability of Causation [%]

Diet 1 0.008 0.159 3.56
Diet 2 0.003 0.058 1.31
Diet 3 0.003 0.050 1.13
Diet 4 0.014 0.409 941

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-160
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
Location: Lake City
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.098 0.5 2.7
Commercia Milk (locally produced) 0.019 0.12 0.71
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.2 1.3 9.1
Beef (locally produced) 0.00026 0.0042 0.096
Leafy Vegetables (locally produced) 0.00011 0.0011 0.0093
Eggs (localy produced) 0.0057 0.042 0.26
Cottage Cheese (locally produced) 0.00024 0.0024 0.026
Inhalation 0.0055 0.019 0.07
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.12 0.58 31
Diet 2 0.041 0.2 11
Diet 3 0.053 0.27 1.6

ExcessLifetimeRisk [ ]
Diet 1 3.1E-07 4.1E-06 6.5E-05
Diet 2 1.2E-07 1.6E-06 2.1E-05
Diet 3 1.6E-07 2.2E-06 3.0E-05
Diet 4 7.5E-07 1.1E-05 1.6E-04
Relative Risk [ ]
Diet 1 1.00013 1.0012 1.013
Diet 2 1.00005 1.00044 1.0054
Diet 3 1.000072 1.00063 1.0077
Diet 4 1.0003 1.0028 1.038
Probability of Causation [%]

Diet 1 0.013 0.120 1.24
Diet 2 0.005 0.044 0.54
Diet 3 0.007 0.063 0.77
Diet 4 0.030 0.283 3.67

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-161
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Appendix 11-C July 1999

L ocation: Lake City
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.61 3.1
Commercia Milk (locally produced) 0.026 0.14 0.93
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.25 1.8 11
Beef (locally produced) 0.00039 0.0067 0.15
Leafy Vegetables (locally produced) 0.0001 0.0011 0.0093
Eggs (localy produced) 0.0063 0.045 0.27
Cottage Cheese (locally produced) 0.00024 0.0024 0.025
Inhalation 0.0067 0.023 0.081

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.14 0.7 35
Diet 2 0.051 0.23 1.3
Diet 3 0.066 0.33 2

ExcessLifetimeRisk [ ]

Diet 1 3.0E-08 1.4E-06 4.4E-05
Diet 2 1.3E-08 5.2E-07 1.6E-05
Diet 3 1.8E-08 7.1E-07 2.4E-05
Diet 4 8.9E-08 3.3E-06 1.1E-04

Relative Risk [ ]

Diet 1 1.000043 1.00093 1.022
Diet 2 1.000015 1.00035 1.0076
Diet 3 1.000022 1.00047 1.011
Diet 4 1.000093 1.0025 1.061

Probability of Causation [%]

Diet 1 0.004 0.093 211
Diet 2 0.001 0.035 0.76
Diet 3 0.002 0.047 1.10
Diet 4 0.009 0.248 5.74

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-162
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Sweetwater
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.098 0.63 3.2
Commercia Milk (locally produced) 0.024 0.15 0.91
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.18 15 12
Beef (locally produced) 0.00032 0.005 0.091
Leafy Vegetables (locally produced) 0.00014 0.0013 0.012
Eggs (localy produced) 0.0076 0.051 0.33
Cottage Cheese (locally produced) 0.00027 0.003 0.03
Inhalation 0.0079 0.027 0.098
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.12 0.74 3.7
Diet 2 0.051 0.25 1.3
Diet 3 0.056 0.28 1.6
ExcessLifetimeRisk [ ]
Diet 1 3.7E-07 5.1E-06 7.5E-05
Diet 2 1.6E-07 1.9E-06 2.5E-05
Diet 3 1.7E-07 2.3E-06 3.0E-05
Diet 4 8.3E-07 1.2E-05 2.2E-04
Relative Risk [ ]
Diet 1 1.00016 1.0015 1.016
Diet 2 1.000066 1.00054 1.0065
Diet 3 1.000077 1.00066 1.0079
Diet 4 1.00038 1.0036 1.048
Probability of Causation [%]
Diet 1 0.016 0.147 1.62
Diet 2 0.007 0.054 0.65
Diet 3 0.008 0.066 0.79
Diet 4 0.038 0.360 4.56

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Sweetwater
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.13 0.77 3.8
Commercia Milk (locally produced) 0.029 0.18 11
Commercia Milk (regionally mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.24 2.1 15
Beef (locally produced) 0.00048 0.0081 0.15
Leafy Vegetables (locally produced) 0.00014 0.0013 0.011
Eggs (localy produced) 0.0083 0.056 0.37
Cottage Cheese (locally produced) 0.00026 0.003 0.027
Inhalation 0.0093 0.034 0.12

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.16 0.9 4.5
Diet 2 0.06 0.29 1.6
Diet 3 0.069 0.34 2

ExcessLifetimeRisk [ ]

Diet 1 4.1E-08 1.8E-06 4.6E-05
Diet 2 1.5E-08 6.3E-07 1.8E-05
Diet 3 1.8E-08 7.4E-07 2.5E-05
Diet 4 1.0E-07 4.0E-06 1.4E-04

Relative Risk [ ]

Diet 1 1.000057 1.0012 1.027
Diet 2 1.000021 1.00043 1.0093
Diet 3 1.000024 1.00048 1.011
Diet 4 1.0001 1.0032 1.065

Probability of Causation [%]

Diet 1 0.006 0.122 2.62
Diet 2 0.002 0.043 0.92
Diet 3 0.002 0.048 112
Diet 4 0.010 0.314 6.07

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Knoxville
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.19 1 57
Commercia Milk (locally produced) 0.04 0.24 15
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.38 2.7 19
Beef (locally produced) 0.00054 0.0085 0.17
Leafy Vegetables (locally produced) 0.00023 0.0022 0.019
Eggs (localy produced) 0.013 0.088 0.55
Cottage Cheese (locally produced) 0.00049 0.0051 0.052
Inhalation 0.013 0.043 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.23 1.2 6.6
Diet 2 0.085 0.42 2.2
Diet 3 0.066 0.3 1.7
ExcessLifetimeRisk [ ]
Diet 1 5.9E-07 8.7E-06 1.2E-04
Diet 2 2.4E-07 3.3E-06 4.3E-05
Diet 3 1.9e-07 2.4E-06 3.1E-05
Diet 4 1.4E-06 2.2E-05 3.1E-04
Relative Risk [ ]
Diet 1 1.00027 1.0025 1.025
Diet 2 1.00011 1.00092 1.0099
Diet 3 1.000082 1.00068 1.008
Diet 4 1.00067 1.0057 1.077
Probability of Causation [%]
Diet 1 0.027 0.250 244
Diet 2 0.011 0.092 0.98
Diet 3 0.008 0.068 0.80
Diet 4 0.067 0.566 7.16

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-165



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1REPORT

Appendix 11-C July 1999
L ocation: Knoxville
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 1.3 6.9
Commercia Milk (locally produced) 0.052 0.3 1.8
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.52 3.6 23
Beef (locally produced) 0.00083 0.013 0.28
Leafy Vegetables (locally produced) 0.00023 0.0022 0.019
Eggs (localy produced) 0.014 0.095 0.59
Cottage Cheese (locally produced) 0.00049 0.005 0.05
Inhalation 0.015 0.053 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.29 15 7.9
Diet 2 0.11 0.51 2.7
Diet 3 0.08 0.36 21

ExcessLifetimeRisk [ ]
Diet 1 6.2E-08 3.0E-06 8.2E-05
Diet 2 2.4E-08 1.1E-06 3.1E-05
Diet 3 2.0E-08 7.8E-07 2.5E-05
Diet 4 1.8E-07 6.6E-06 2.3E-04
Relative Risk [ ]
Diet 1 1.0001 1.002 1.045
Diet 2 1.000033 1.00073 1.016
Diet 3 1.000026 1.00051 1.012
Diet 4 1.00018 1.0052 1.13
Probability of Causation [%]

Diet 1 0.010 0.197 4.30
Diet 2 0.003 0.073 1.59
Diet 3 0.003 0.051 1.15
Diet 4 0.018 0.518 11.37

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Maryville
Receptor: Female born in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.096 0.51 2.9
Commercia Milk (locally produced) 0.016 0.12 0.73
Commercia Milk (regionaly mixed) 0.042 0.25 15
Goat Milk (locally produced) 0.17 1.3 9.6
Beef (locally produced) 0.00028 0.0042 0.088
Leafy Vegetables (locally produced) 0.0001 0.0011 0.0092
Eggs (localy produced) 0.0061 0.044 0.26
Cottage Cheese (locally produced) 0.00021 0.0025 0.027
Inhalation 0.0067 0.023 0.092
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.12 0.6 3.3
Diet 2 0.041 0.21 1.1
Diet 3 0.055 0.28 1.6

ExcessLifetimeRisk [ ]
Diet 1 3.2E-07 4.6E-06 7.1E-05
Diet 2 1.2E-07 1.7E-06 2.3E-05
Diet 3 1.6E-07 2.2E-06 3.0E-05
Diet 4 7.6E-07 1.1E-05 1.8E-04
Relative Risk [ ]
Diet 1 1.00013 1.0012 1.012
Diet 2 1.000047 1.00042 1.0052
Diet 3 1.000074 1.00064 1.0078
Diet 4 1.00027 1.0028 1.04
Probability of Causation [%]

Diet 1 0.013 0.117 1.19
Diet 2 0.005 0.042 0.52
Diet 3 0.007 0.064 0.78
Diet 4 0.027 0.277 3.89

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Maryville
Receptor: Maleborn in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.11 0.62 3.4
Commercia Milk (locally produced) 0.022 0.14 0.84
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.23 1.8 11
Beef (locally produced) 0.00042 0.0067 0.14
Leafy Vegetables (locally produced) 0.000093 0.0011 0.009
Eggs (localy produced) 0.0065 0.046 0.27
Cottage Cheese (locally produced) 0.00021 0.0026 0.024
Inhalation 0.0079 0.028 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.15 0.73 3.8
Diet 2 0.052 0.25 1.4
Diet 3 0.068 0.33 2
ExcessLifetimeRisk [ ]
Diet 1 3.2E-08 1.4E-06 4.0E-05
Diet 2 1.3E-08 5.1E-07 1.5E-05
Diet 3 1.9E-08 7.3E-07 2.4E-05
Diet 4 9.7E-08 3.3E-06 1.2E-04
Relative Risk [ ]
Diet 1 1.000046 1.0011 1.023
Diet 2 1.000016 1.00036 1.0076
Diet 3 1.000023 1.00048 1.011
Diet 4 1.000098 1.0025 1.067
Probability of Causation [%]
Diet 1 0.005 0.106 2.24
Diet 2 0.002 0.036 0.75
Diet 3 0.002 0.048 1.10
Diet 4 0.010 0.248 6.27

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Location: Cedar Grove
Receptor: Female born in 1930
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 0.94 52
Commercia Milk (locally produced) 0.036 0.22 1.3
Commercia Milk (regionaly mixed) 0.043 0.25 15
Goat Milk (locally produced) 0.36 2.4 18
Beef (locally produced) 0.00049 0.0077 0.16
Leafy Vegetables (locally produced) 0.0002 0.002 0.017
Eggs (localy produced) 0.012 0.081 0.49
Cottage Cheese (locally produced) 0.00045 0.0046 0.049
Inhalation 0.012 0.038 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.22 1.1 6
Diet 2 0.079 0.37 2
Diet 3 0.064 0.29 1.6
ExcessLifetimeRisk [ ]
Diet 1 5.8E-07 8.1E-06 1.1E-04
Diet 2 2.3E-07 3.1E-06 3.7E-05
Diet 3 1.8E-07 2.4E-06 3.1E-05
Diet 4 1.4E-06 2.0E-05 2.7E-04
Relative Risk [ ]
Diet 1 1.00022 1.0023 1.023
Diet 2 1.0001 1.00084 1.0092
Diet 3 1.000079 1.00067 1.008
Diet 4 1.00062 1.0051 1.068
Probability of Causation [%]
Diet 1 0.022 0.227 2.26
Diet 2 0.010 0.084 0.92
Diet 3 0.008 0.067 0.79
Diet 4 0.062 0.503 6.33

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Location: Cedar Grove
Receptor: Maleborn in 1930
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 12 6.2
Commercia Milk (locally produced) 0.048 0.27 1.6
Commercia Milk (regionaly mixed) 0.056 0.3 2
Goat Milk (locally produced) 0.49 3.3 21
Beef (locally produced) 0.00075 0.012 0.26
Leafy Vegetables (locally produced) 0.0002 0.002 0.017
Eggs (localy produced) 0.013 0.086 0.52
Cottage Cheese (locally produced) 0.00042 0.0046 0.044
Inhalation 0.014 0.046 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.28 14 7.2
Diet 2 0.1 0.46 25
Diet 3 0.078 0.35 21

ExcessLifetimeRisk [ ]
Diet 1 5.8E-08 2.7E-06 7.6E-05
Diet 2 2.2E-08 9.3E-07 3.1E-05
Diet 3 2.0E-08 7.7E-07 2.5E-05
Diet 4 1.6E-07 6.1E-06 2.2E-04
Relative Risk [ ]
Diet 1 1.000091 1.0018 1.041
Diet 2 1.00003 1.00066 1.014
Diet 3 1.000026 1.00051 1.011
Diet 4 1.00016 1.0048 1.12
Probability of Causation [%]

Diet 1 0.009 0.183 3.96
Diet 2 0.003 0.066 1.43
Diet 3 0.003 0.051 1.13
Diet 4 0.016 0.480 10.60

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Bradbury
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2 11 71
Commercia Milk (locally produced) 0.48 3.2 21
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 5 34 220
Beef (locally produced) 0.0049 0.079 17
Leafy Vegetables (locally produced) 0.0016 0.02 0.17
Eggs (localy produced) 0.13 0.89 5.8
Cottage Cheese (locally produced) 0.0041 0.041 0.45
Inhalation 0.089 0.29 1
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.4 13 79
Diet 2 0.87 4.7 27
Diet 3 0.2 0.75 35

ExcessLifetimeRisk [ ]
Diet 1 3.2E-05 4.3E-04 5.2E-03
Diet 2 1.5E-05 1.8E-04 2.1E-03
Diet 3 2.9E-06 2.7E-05 2.5E-04
Diet 4 1.1E-04 1.5E-03 1.8E-02
Relative Risk [ ]
Diet 1 1.012 1.1 2.1
Diet 2 1.005 1.046 15
Diet 3 1.00098 1.0072 1.065
Diet 4 1.039 1.32 53
Probability of Causation [%]

Diet 1 1.155 9.05 51.7
Diet 2 0.498 4.38 33.2
Diet 3 0.098 0.71 6.1
Diet 4 3.768 24.39 81.0

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Bradbury
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 24 13 80
Commercia Milk (locally produced) 0.55 35 24
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 6.2 41 260
Beef (locally produced) 0.0069 0.11 2.2
Leafy Vegetables (locally produced) 0.0017 0.019 0.17
Eggs (localy produced) 0.14 1 6.8
Cottage Cheese (locally produced) 0.004 0.043 0.48
Inhalation 0.088 0.31 11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.8 15 90
Diet 2 0.97 5.6 31
Diet 3 0.21 0.84 4.2

ExcessLifetimeRisk [ ]
Diet 1 3.5E-06 1.1E-04 2.6E-03
Diet 2 1.5E-06 4.9E-05 1.2E-03
Diet 3 2.9e-07 7.4E-06 1.5E-04
Diet 4 9.9E-06 3.0E-04 8.2E-03
Relative Risk [ ]
Diet 1 1.0035 1.075 2.6
Diet 2 1.0017 1.032 1.66
Diet 3 1.00027 1.0047 1.085
Diet 4 1.011 1.23 5.5
Probability of Causation [%]

Diet 1 0.352 7.00 61.1
Diet 2 0.167 3.14 39.7
Diet 3 0.027 0.47 7.8
Diet 4 1.082 18.88 81.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Gallaher Bend
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2.3 14 82
Commercia Milk (locally produced) 0.65 4 24
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 5.7 44 280
Beef (locally produced) 0.0057 0.098 2
Leafy Vegetables (locally produced) 0.0021 0.024 0.21
Eggs (localy produced) 0.17 11 7.2
Cottage Cheese (locally produced) 0.0046 0.053 0.51
Inhalation 0.11 0.35 1.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.8 16 92
Diet 2 1.1 5.9 29
Diet 3 0.23 0.82 3.6

ExcessLifetimeRisk [ ]
Diet 1 3.8E-05 49E-04 6.2E-03
Diet 2 2.0E-05 2.2E-04 2.5E-03
Diet 3 3.2E-06 2.9E-05 2.6E-04
Diet 4 1.2E-04 1.8E-03 2.4E-02
Relative Risk [ ]
Diet 1 1.014 112 24
Diet 2 1.006 1.058 1.59
Diet 3 1.0011 1.0078 1.071
Diet 4 1.043 141 6.3
Probability of Causation [%]

Diet 1 1.362 11.07 57.7
Diet 2 0.597 5.52 37.1
Diet 3 0.107 0.77 6.6
Diet 4 4.087 28.93 84.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-173



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Gallaher Bend
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2.9 16 89
Commercia Milk (locally produced) 0.81 4.4 26
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 6.8 49 320
Beef (locally produced) 0.0075 0.13 2.8
Leafy Vegetables (locally produced) 0.002 0.024 0.2
Eggs (localy produced) 0.18 1.3 8.7
Cottage Cheese (locally produced) 0.0054 0.053 0.54
Inhalation 0.11 0.39 1.3
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 35 18 99
Diet 2 1.2 6.7 35
Diet 3 0.22 0.92 4.4

ExcessLifetimeRisk [ ]
Diet 1 4.6E-06 1.4E-04 3.0E-03
Diet 2 1.6E-06 5.8E-05 1.4E-03
Diet 3 3.0E-07 8.0E-06 1.6E-04
Diet 4 1.3E-05 3.7E-04 9.4E-03
Relative Risk [ ]
Diet 1 1.0044 1.09 2.8
Diet 2 1.002 1.039 1.73
Diet 3 1.00028 1.005 1.088
Diet 4 1.012 1.29 6
Probability of Causation [%]

Diet 1 0.439 8.29 64.4
Diet 2 0.200 3.72 42.2
Diet 3 0.028 0.50 8.1
Diet 4 1.205 22.47 83.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: EFPC
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.5 3 19
Commercia Milk (locally produced) 0.12 0.84 54
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0013 0.021 0.44
Leafy Vegetables (locally produced) 0.00043 0.0051 0.047
Eggs (localy produced) 0.031 0.23 15
Cottage Cheese (locally produced) 0.0011 0.011 0.12
Inhalation 0.023 0.078 0.27
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.59 34 21
Diet 2 0.22 1.3 7.2
Diet 3 0.11 0.52 29

ExcessLifetimeRisk [ ]
Diet 1 8.3E-06 1.1E-04 1.3E-03
Diet 2 3.9E-06 4.6E-05 5.5E-04
Diet 3 1.8E-06 2.0E-05 2.0E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.0028 1.027 1.29
Diet 2 1.0013 1.012 1.13
Diet 3 1.00064 1.0052 1.051
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.279 2.58 22.0
Diet 2 0.130 1.16 11.7
Diet 3 0.064 0.51 4.9
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: EFPC
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.63 3.4 21
Commercia Milk (locally produced) 0.14 0.93 6.2
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0018 0.029 0.62
Leafy Vegetables (locally produced) 0.00041 0.0049 0.045
Eggs (localy produced) 0.035 0.27 1.8
Cottage Cheese (locally produced) 0.0011 0.011 0.12
Inhalation 0.022 0.085 0.29

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.73 3.8 24
Diet 2 0.25 14 8.2
Diet 3 0.12 0.58 34

ExcessLifetimeRisk [ ]

Diet 1 8.2E-07 2.9E-05 6.5E-04
Diet 2 3.7E-07 1.3E-05 2.9E-04
Diet 3 1.9E-07 5.3E-06 1.2E-04
Diet 4 - - -

Relative Risk [ ]

Diet 1 1.00087 1.019 1.43
Diet 2 1.00043 1.0082 1.18
Diet 3 1.00019 1.0033 1.068
Diet 4 - - -

Probability of Causation [%]

Diet 1 0.087 1.85 29.3
Diet 2 0.043 0.81 15.3
Diet 3 0.019 0.33 6.4
Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-176
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Hope Creek
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.3 7.9 48
Commercia Milk (locally produced) 0.35 2.2 15
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0031 0.056 12
Leafy Vegetables (locally produced) 0.0013 0.014 0.12
Eggs (localy produced) 0.088 0.61 4.2
Cottage Cheese (locally produced) 0.0031 0.03 0.33
Inhalation 0.062 0.21 0.71
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.6 9 54
Diet 2 0.64 3.3 19
Diet 3 0.17 0.65 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.1E-05 3.0E-04 3.7E-03
Diet 2 1.1E-05 1.3E-04 1.5E-03
Diet 3 2.5E-06 2.4E-05 2.3E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.0085 1.073 181
Diet 2 1.0033 1.033 1.36
Diet 3 1.00085 1.0064 1.057
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.838 6.80 44.5
Diet 2 0.330 3.23 26.3
Diet 3 0.085 0.64 54
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways
Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-177
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Hope Creek
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.7 9.2 55
Commercia Milk (locally produced) 0.39 25 17
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0046 0.077 17
Leafy Vegetables (locally produced) 0.0013 0.013 0.12
Eggs (localy produced) 0.1 0.74 4.7
Cottage Cheese (locally produced) 0.0029 0.03 0.35
Inhalation 0.064 0.22 0.74
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.9 10 62
Diet 2 0.72 3.8 23
Diet 3 0.18 0.75 3.8

ExcessLifetimeRisk [ ]
Diet 1 2.4E-06 7.9E-05 1.9E-03
Diet 2 9.9E-07 3.5E-05 8.1E-04
Diet 3 2.5E-07 6.7E-06 1.4E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.0024 1.053 2.1
Diet 2 1.0011 1.023 147
Diet 3 1.00024 1.0042 1.079
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.243 5.06 52.8
Diet 2 0.114 2.20 31.8
Diet 3 0.024 0.42 7.3
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways
Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-178
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Buttermilk Rd.
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 13 1.7 45
Commercia Milk (locally produced) 0.35 2.2 14
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 35 24 150
Beef (locally produced) 0.0031 0.055 11
Leafy Vegetables (locally produced) 0.0013 0.014 0.12
Eggs (localy produced) 0.087 0.6 4.1
Cottage Cheese (locally produced) 0.003 0.03 0.31
Inhalation 0.063 0.21 0.72
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.6 8.9 51
Diet 2 0.65 3.3 19
Diet 3 0.17 0.66 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.1E-05 3.0E-04 3.7E-03
Diet 2 1.1E-05 1.2E-04 1.4E-03
Diet 3 2.6E-06 2.4E-05 2.3E-04
Diet 4 6.9E-05 9.7E-04 1.4E-02
Relative Risk [ ]
Diet 1 1.0081 1.071 1.77
Diet 2 1.0033 1.033 1.34
Diet 3 1.00085 1.0065 1.058
Diet 4 1.025 1.23 3.8
Probability of Causation [%]

Diet 1 0.804 6.66 43.3
Diet 2 0.330 3.16 25.2
Diet 3 0.085 0.64 55
Diet 4 2.424 18.46 73.7

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-179
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Buttermilk Rd.
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.6 9.1 54
Commercia Milk (locally produced) 0.4 2.4 17
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 4.1 28 180
Beef (locally produced) 0.0044 0.075 1.6
Leafy Vegetables (locally produced) 0.0013 0.013 0.11
Eggs (localy produced) 0.1 0.74 4.6
Cottage Cheese (locally produced) 0.0029 0.029 0.33
Inhalation 0.064 0.22 0.76
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.9 10 60
Diet 2 0.72 3.8 22
Diet 3 0.18 0.75 3.8

ExcessLifetimeRisk [ ]
Diet 1 2.4E-06 7.8E-05 1.8E-03
Diet 2 9.5E-07 3.4E-05 7.7E-04
Diet 3 2.4E-07 6.7E-06 1.4E-04
Diet 4 6.9E-06 2.1E-04 5.7E-03
Relative Risk [ ]
Diet 1 1.0024 1.052 21
Diet 2 1.0012 1.022 1.45
Diet 3 1.00023 1.0042 1.079
Diet 4 1.0077 1.16 4.1
Probability of Causation [%]

Diet 1 0.240 4.90 51.2
Diet 2 0.118 2.16 31.0
Diet 3 0.023 0.42 7.4
Diet 4 0.763 13.87 75.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-180
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Jonesville
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.19 11 7.5
Commercia Milk (locally produced) 0.047 0.32 2.4
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.48 35 26
Beef (locally produced) 0.00044 0.008 0.17
Leafy Vegetables (locally produced) 0.00017 0.0019 0.019
Eggs (localy produced) 0.013 0.085 0.64
Cottage Cheese (locally produced) 0.00037 0.0041 0.057
Inhalation 0.009 0.031 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.22 1.2 8.4
Diet 2 0.087 0.48 31
Diet 3 0.092 0.46 2.7

ExcessLifetimeRisk [ ]
Diet 1 3.2E-06 4.3E-05 6.0E-04
Diet 2 1.6E-06 1.8E-05 2.2E-04
Diet 3 1.6E-06 1.8E-05 1.9E-04
Diet 4 9.9E-06 1.3E-04 1.8E-03
Relative Risk [ ]
Diet 1 1.0011 1.0098 1.13
Diet 2 1.00048 1.0044 1.06
Diet 3 1.00056 1.0047 1.049
Diet 4 1.0032 1.032 1.48
Probability of Causation [%]

Diet 1 0.106 0.97 114
Diet 2 0.048 0.44 5.7
Diet 3 0.056 0.47 4.7
Diet 4 0.315 3.06 32.4

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-181
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Jonesville
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.22 13 8.4
Commercia Milk (locally produced) 0.05 0.35 2.7
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.54 4 30
Beef (locally produced) 0.00061 0.011 0.23
Leafy Vegetables (locally produced) 0.00017 0.0019 0.018
Eggs (localy produced) 0.014 0.1 0.71
Cottage Cheese (locally produced) 0.00038 0.0041 0.055
Inhalation 0.0099 0.034 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.27 14 9.3
Diet 2 0.098 0.53 35
Diet 3 0.099 0.51 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.9e-07 1.0E-05 2.7E-04
Diet 2 1.5E-07 4.8E-06 1.2E-04
Diet 3 1.8E-07 4.8E-06 1.2E-04
Diet 4 9.9E-07 3.0E-05 9.0E-04
Relative Risk [ ]
Diet 1 1.00032 1.0076 1.16
Diet 2 1.00015 1.0033 1.065
Diet 3 1.00017 1.0031 1.065
Diet 4 1.00097 1.023 1.46
Probability of Causation [%]

Diet 1 0.032 0.75 14.0
Diet 2 0.015 0.33 6.1
Diet 3 0.017 0.31 6.1
Diet 4 0.097 2.25 315

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-182



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: OR Scarboro
Receptor: Female born in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0019 0.022 0.22
Inhalation 0.046 0.15 0.54
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.14 0.59 3.1
ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.2E-06 2.2E-05 2.2E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00078 1.0059 1.055
Diet 4 -- -- --
Probability of Causation [%]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.078 0.59 5.3
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-183
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: OR Scarboro
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0021 0.022 0.23
Inhalation 0.047 0.17 0.57
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.15 0.68 3.6

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.2E-07 6.1E-06 1.4E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00022 1.0038 1.075
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.022 0.38 6.9
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-184
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Lawnville/Gallaher
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.3 7.3 38
Commercia Milk (locally produced) 0.34 2.1 14
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 34 23 150
Beef (locally produced) 0.003 0.054 11
Leafy Vegetables (locally produced) 0.0013 0.013 0.1
Eggs (localy produced) 0.09 0.57 3.6
Cottage Cheese (locally produced) 0.0028 0.027 0.29
Inhalation 0.064 0.2 0.71
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.6 8.5 43
Diet 2 0.64 31 19
Diet 3 0.16 0.65 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.3E-05 2.7E-04 3.3E-03
Diet 2 1.0E-05 1.1E-04 1.4E-03
Diet 3 2.4E-06 2.4E-05 2.3E-04
Diet 4 6.5E-05 9.4E-04 1.2E-02
Relative Risk [ ]
Diet 1 1.0084 1.068 1.76
Diet 2 1.0034 1.03 1.33
Diet 3 1.00085 1.0064 1.058
Diet 4 1.024 1.22 3.6
Probability of Causation [%]

Diet 1 0.834 6.33 43.1
Diet 2 0.339 294 24.5
Diet 3 0.085 0.64 54
Diet 4 2.359 17.74 71.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-185
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Lawnville/Gallaher
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 1.7 8.5 46
Commercia Milk (locally produced) 04 2.3 16
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 3.9 27 170
Beef (locally produced) 0.0042 0.074 14
Leafy Vegetables (locally produced) 0.0013 0.013 0.1
Eggs (localy produced) 0.11 0.68 4.3
Cottage Cheese (locally produced) 0.0029 0.028 0.28
Inhalation 0.064 0.21 0.8
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.9 9.6 52
Diet 2 0.7 35 21
Diet 3 0.18 0.74 3.9

ExcessLifetimeRisk [ ]
Diet 1 2.2E-06 7.2E-05 1.7E-03
Diet 2 7.9E-07 3.1E-05 7.1E-04
Diet 3 2.3E-07 6.7E-06 1.4E-04
Diet 4 6.5E-06 2.0E-04 5.3E-03
Relative Risk [ ]
Diet 1 1.0021 1.047 2
Diet 2 1.0011 1.02 1.42
Diet 3 1.00023 1.0041 1.079
Diet 4 1.0071 1.15 4
Probability of Causation [%]

Diet 1 0.213 4.52 50.0
Diet 2 0.106 1.96 29.8
Diet 3 0.023 0.41 7.3
Diet 4 0.703 13.12 75.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-186
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Dyllis
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 15 9.7
Commercia Milk (locally produced) 0.067 0.43 3
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.69 4.7 32
Beef (locally produced) 0.00068 0.01 0.21
Leafy Vegetables (locally produced) 0.00024 0.0026 0.024
Eggs (localy produced) 0.016 0.12 0.87
Cottage Cheese (locally produced) 0.00052 0.0056 0.069
Inhalation 0.012 0.043 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.28 1.7 11
Diet 2 0.13 0.65 4.3
Diet 3 0.097 0.47 2.8

ExcessLifetimeRisk [ ]
Diet 1 4.0E-06 5.7E-05 7.8E-04
Diet 2 1.8E-06 2.4E-05 2.8E-04
Diet 3 1.6E-06 1.9E-05 1.9E-04
Diet 4 1.2E-05 2.0E-04 2.7E-03
Relative Risk [ ]
Diet 1 1.0014 1.013 1.17
Diet 2 1.00074 1.006 1.089
Diet 3 1.00058 1.0048 1.049
Diet 4 1.0054 1.043 1.6
Probability of Causation [%]

Diet 1 0.144 1.32 14.2
Diet 2 0.074 0.60 8.2
Diet 3 0.058 0.48 4.7
Diet 4 0.534 4.12 374

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-187
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Dyllis
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.3 18 10
Commercia Milk (locally produced) 0.073 0.49 3.6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.77 54 39
Beef (locally produced) 0.00098 0.015 0.33
Leafy Vegetables (locally produced) 0.00023 0.0026 0.025
Eggs (localy produced) 0.019 0.14 1
Cottage Cheese (locally produced) 0.00052 0.0058 0.071
Inhalation 0.013 0.048 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.35 2 11
Diet 2 0.15 0.73 4.9
Diet 3 0.1 0.53 3.2

ExcessLifetimeRisk [ ]
Diet 1 4.2E-07 1.5E-05 3.4E-04
Diet 2 2.0E-07 6.9E-06 1.6E-04
Diet 3 1.8E-07 4.9E-06 1.2E-04
Diet 4 1.4E-06 4.1E-05 1.2E-03
Relative Risk [ ]
Diet 1 1.00046 1.0099 1.24
Diet 2 1.00022 1.0046 1.093
Diet 3 1.00017 1.0032 1.066
Diet 4 1.0013 1.033 1.61
Probability of Causation [%]

Diet 1 0.046 0.98 191
Diet 2 0.022 0.46 8.5
Diet 3 0.017 0.31 6.2
Diet 4 0.134 3.16 37.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-188
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: OR High School Area
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0011 0.012 0.12
Inhalation 0.027 0.09 0.33
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.12 0.53 29

ExcessLifetimeRisk [ ]
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 1.9E-06 2.0E-05 2.0E-04
Diet 4 -- -- -
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00067 1.0054 1.051
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.067 0.53 4.9
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-189
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| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11-C July 1999
L ocation: OR High School Area
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0014 0.013 0.13
Inhalation 0.029 0.099 0.34
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.12 0.59 34

ExcessLifetimeRisk [ ]
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 2.0E-07 5.3E-06 1.3E-04
Diet 4 -- -- -
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.0002 1.0034 1.069
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.020 0.34 6.5
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Norwood
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.23 14 9.9
Commercia Milk (locally produced) 0.06 041 2.9
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.58 4.5 32
Beef (locally produced) 0.00058 0.01 0.23
Leafy Vegetables (locally produced) 0.00026 0.0025 0.023
Eggs (localy produced) 0.015 0.11 0.83
Cottage Cheese (locally produced) 0.00046 0.0055 0.067
Inhalation 0.011 0.041 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.28 1.6 11
Diet 2 0.11 0.61 3.7
Diet 3 0.094 0.47 2.8

ExcessLifetimeRisk [ ]
Diet 1 3.7E-06 5.5E-05 7.7E-04
Diet 2 1.9E-06 2.4E-05 3.1E-04
Diet 3 1.6E-06 1.9E-05 2.0E-04
Diet 4 1.4E-05 1.8E-04 2.6E-03
Relative Risk [ ]
Diet 1 1.0014 1.013 114
Diet 2 1.00065 1.0056 1.074
Diet 3 1.00057 1.0048 1.05
Diet 4 1.0047 1.041 1.56
Probability of Causation [%]

Diet 1 0.140 1.27 124
Diet 2 0.065 0.56 6.8
Diet 3 0.057 0.48 4.7
Diet 4 0.465 3.92 35.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Norwood
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.28 1.6 11
Commercia Milk (locally produced) 0.073 0.46 3.6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.68 5.2 39
Beef (locally produced) 0.00087 0.015 0.34
Leafy Vegetables (locally produced) 0.00025 0.0025 0.023
Eggs (localy produced) 0.017 0.13 0.9
Cottage Cheese (locally produced) 0.00054 0.0055 0.065
Inhalation 0.012 0.043 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.32 1.8 12
Diet 2 0.12 0.69 4.8
Diet 3 0.1 0.52 3.2

ExcessLifetimeRisk [ ]
Diet 1 4.3E-07 1.4E-05 3.2E-04
Diet 2 1.8E-07 5.9E-06 1.4E-04
Diet 3 1.8E-07 4.9E-06 1.2E-04
Diet 4 1.3E-06 3.9E-05 1.2E-03
Relative Risk [ ]
Diet 1 1.00041 1.0096 1.22
Diet 2 1.00021 1.0042 1.096
Diet 3 1.00017 1.0031 1.065
Diet 4 1.0012 1.03 171
Probability of Causation [%]

Diet 1 0.041 0.95 17.8
Diet 2 0.021 0.42 8.7
Diet 3 0.017 0.31 6.1
Diet 4 0.116 2.87 41.4

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11-C July 1999

L ocation: Woodland
Receptor: Female born in 1935

Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit

Backyard Cow Milk -- -- -
Commercial Milk (locally produced) -- -- -
Commercia Milk (regionaly mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- - -
Beef (locally produced) - - -

Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0018 0.018 0.19
Inhalation 0.043 0.14 0.48

Mother's milk (mother on Diet 3) -- -- -

Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 - - -
Diet 2 - - -
Diet 3 0.14 0.58 3
ExcessLifetimeRisk [ ]
Diet 1 - - -
Diet 2 - - -
Diet 3 2.2E-06 2.2E-05 2.2E-04
Diet 4 - - -
Relative Risk [ ]
Diet 1 - - -
Diet 2 - - -
Diet 3 1.00075 1.0058 1.054
Diet 4 - - -
Probability of Causation [%]
Diet 1 - - -
Diet 2 - - -
Diet 3 0.075 0.58 5.1
Diet 4 - - -
Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways
Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)

Diet 4 -

Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Woodland
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0019 0.019 0.19
Inhalation 0.043 0.14 0.52
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.15 0.66 3.6

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 2.2E-07 5.9E-06 1.3E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00021 1.0037 1.073
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.021 0.37 6.8
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Hardin Valley
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 13 6.9 41
Commercia Milk (locally produced) 0.33 2 13
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 3.3 22 130
Beef (locally produced) 0.0029 0.048 0.96
Leafy Vegetables (locally produced) 0.0012 0.013 0.11
Eggs (localy produced) 0.081 0.54 3.6
Cottage Cheese (locally produced) 0.0026 0.026 0.28
Inhalation 0.06 0.2 0.72
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 15 7.9 47
Diet 2 0.58 3 18
Diet 3 0.16 0.64 3.2

ExcessLifetimeRisk [ ]
Diet 1 1.9E-05 2.6E-04 3.1E-03
Diet 2 9.0E-06 1.1E-04 1.3E-03
Diet 3 2.5E-06 2.4E-05 2.3E-04
Diet 4 6.2E-05 9.2E-04 1.2E-02
Relative Risk [ ]
Diet 1 1.0072 1.064 1.68
Diet 2 1.0033 1.029 1.3
Diet 3 1.00084 1.0063 1.057
Diet 4 1.024 1.2 3.6
Probability of Causation [%]

Diet 1 0.715 6.00 40.4
Diet 2 0.326 2.80 23.2
Diet 3 0.084 0.63 54
Diet 4 2.369 16.87 724

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Hardin Valley
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 14 8.1 45
Commercia Milk (locally produced) 0.38 2.3 15
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 3.8 26 160
Beef (locally produced) 0.0042 0.068 14
Leafy Vegetables (locally produced) 0.0011 0.012 0.1
Eggs (localy produced) 0.09 0.64 4.4
Cottage Cheese (locally produced) 0.0026 0.027 0.31
Inhalation 0.063 0.22 0.74
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.6 9.2 52
Diet 2 0.66 35 21
Diet 3 0.18 0.74 3.8

ExcessLifetimeRisk [ ]
Diet 1 2.2E-06 6.8E-05 1.5E-03
Diet 2 9.7E-07 3.2E-05 7.1E-04
Diet 3 2.5E-07 6.6E-06 1.4E-04
Diet 4 6.5E-06 1.9E-04 4.8E-03
Relative Risk [ ]
Diet 1 1.0022 1.045 2
Diet 2 1.0011 1.02 1.38
Diet 3 1.00023 1.0041 1.077
Diet 4 1.0066 1.15 3.9
Probability of Causation [%]

Diet 1 0.218 4.32 50.8
Diet 2 0.105 1.99 27.6
Diet 3 0.023 0.41 7.1
Diet 4 0.659 12.71 74.0

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Oliver Springs
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.18 11 6.9
Commercia Milk (locally produced) 0.048 0.31 2.2
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.45 3.3 23
Beef (locally produced) 0.00043 0.0077 0.16
Leafy Vegetables (locally produced) 0.00016 0.0019 0.019
Eggs (localy produced) 0.012 0.082 0.63
Cottage Cheese (locally produced) 0.00035 0.0042 0.048
Inhalation 0.0092 0.031 0.12
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.2 7.7
Diet 2 0.088 0.46 29
Diet 3 0.091 0.46 2.7

ExcessLifetimeRisk [ ]
Diet 1 3.1E-06 4.0E-05 5.4E-04
Diet 2 1.5E-06 1.7E-05 2.3E-04
Diet 3 1.5E-06 1.8E-05 1.9E-04
Diet 4 9.7E-06 1.3E-04 1.8E-03
Relative Risk [ ]
Diet 1 1.00099 1.01 1.12
Diet 2 1.00049 1.0044 1.056
Diet 3 1.00056 1.0047 1.049
Diet 4 1.0035 1.032 1.42
Probability of Causation [%]

Diet 1 0.099 0.99 10.5
Diet 2 0.049 0.44 53
Diet 3 0.056 0.47 4.7
Diet 4 0.344 3.07 29.4

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Oliver Springs
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.21 12 1.7
Commercia Milk (locally produced) 0.054 0.35 2.6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.51 3.9 28
Beef (locally produced) 0.00063 0.011 0.24
Leafy Vegetables (locally produced) 0.00016 0.0019 0.018
Eggs (localy produced) 0.013 0.097 0.67
Cottage Cheese (locally produced) 0.00038 0.0042 0.045
Inhalation 0.0096 0.034 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.25 1.4 8.5
Diet 2 0.097 0.53 35
Diet 3 0.096 0.51 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.8E-07 1.0E-05 2.6E-04
Diet 2 1.4E-07 4.7E-06 1.1E-04
Diet 3 1.7E-07 4.8E-06 1.2E-04
Diet 4 9.7E-07 3.1E-05 8.4E-04
Relative Risk [ ]
Diet 1 1.00033 1.0074 1.16
Diet 2 1.00016 1.0032 1.07
Diet 3 1.00017 1.0031 1.065
Diet 4 1.00084 1.022 1.53
Probability of Causation [%]

Diet 1 0.033 0.74 135
Diet 2 0.016 0.32 6.5
Diet 3 0.017 0.31 6.1
Diet 4 0.084 212 34.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Solway
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 11 6.4 37
Commercia Milk (locally produced) 0.29 1.8 12
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 3 20 120
Beef (locally produced) 0.0026 0.045 0.89
Leafy Vegetables (locally produced) 0.0011 0.011 0.1
Eggs (localy produced) 0.075 0.49 3.2
Cottage Cheese (locally produced) 0.0022 0.024 0.26
Inhalation 0.057 0.18 0.65
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.3 7.2 43
Diet 2 0.53 2.7 15
Diet 3 0.16 0.63 31

ExcessLifetimeRisk [ ]
Diet 1 1.8E-05 24E-04 3.1E-03
Diet 2 9.1E-06 1.0E-04 1.3E-03
Diet 3 2.5E-06 2.3E-05 2.3E-04
Diet 4 5.9E-05 8.0E-04 1.1E-02
Relative Risk [ ]
Diet 1 1.0067 1.058 1.63
Diet 2 1.003 1.026 1.29
Diet 3 1.00082 1.0062 1.057
Diet 4 1.022 1.19 34
Probability of Causation [%]

Diet 1 0.668 5.49 38.4
Diet 2 0.294 257 22.3
Diet 3 0.082 0.61 54
Diet 4 2.136 15.73 70.4

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Solway
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 14 74 43
Commercia Milk (locally produced) 0.33 2 13
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 34 23 150
Beef (locally produced) 0.0036 0.063 12
Leafy Vegetables (locally produced) 0.001 0.011 0.096
Eggs (localy produced) 0.084 0.59 3.6
Cottage Cheese (locally produced) 0.0022 0.024 0.27
Inhalation 0.059 0.2 0.66
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 1.7 8.4 49
Diet 2 0.62 31 18
Diet 3 0.18 0.72 3.7

ExcessLifetimeRisk [ ]
Diet 1 2.0E-06 6.1E-05 1.4E-03
Diet 2 8.8E-07 2.7E-05 6.4E-04
Diet 3 2.4E-07 6.5E-06 1.4E-04
Diet 4 5.9E-06 1.7E-04 4.5E-03
Relative Risk [ ]
Diet 1 1.0017 1.042 1.9
Diet 2 1.00094 1.019 1.36
Diet 3 1.00023 1.0041 1.076
Diet 4 1.0058 1.13 35
Probability of Causation [%]

Diet 1 0.171 3.99 47.3
Diet 2 0.094 1.83 26.4
Diet 3 0.023 0.41 7.1
Diet 4 0.575 11.71 71.4

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Sugar Grove
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.48 2.7 16
Commercia Milk (locally produced) 0.12 0.77 51
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1.3 8.3 54
Beef (locally produced) 0.0012 0.019 0.36
Leafy Vegetables (locally produced) 0.00043 0.0048 0.042
Eggs (localy produced) 0.032 0.2 14
Cottage Cheese (locally produced) 0.00091 0.01 0.12
Inhalation 0.023 0.076 0.27
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.57 3 18
Diet 2 0.22 1.2 7.1
Diet 3 0.12 0.51 29

ExcessLifetimeRisk [ ]
Diet 1 7.6E-06 1.0E-04 1.3E-03
Diet 2 3.7E-06 4.3E-05 5.3E-04
Diet 3 1.9E-06 2.0E-05 2.0E-04
Diet 4 2.5E-05 3.4E-04 4.3E-03
Relative Risk [ ]
Diet 1 1.0028 1.025 1.28
Diet 2 1.0012 1.011 1.13
Diet 3 1.00064 1.0051 1.051
Diet 4 1.0089 1.076 21
Probability of Causation [%]

Diet 1 0.282 2.39 21.6
Diet 2 0.122 1.07 11.1
Diet 3 0.064 0.51 4.9
Diet 4 0.881 6.97 51.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Sugar Grove
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.58 3.1 18
Commercia Milk (locally produced) 0.14 0.86 6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 15 9.7 62
Beef (locally produced) 0.0016 0.026 0.55
Leafy Vegetables (locally produced) 0.00042 0.0045 0.042
Eggs (localy produced) 0.035 0.25 17
Cottage Cheese (locally produced) 0.00094 0.01 0.12
Inhalation 0.024 0.084 0.29
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.67 3.5 21
Diet 2 0.26 1.3 8.1
Diet 3 0.12 0.57 34

ExcessLifetimeRisk [ ]
Diet 1 7.9E-07 2.6E-05 5.9E-04
Diet 2 3.8E-07 1.2E-05 2.8E-04
Diet 3 2.0E-07 5.3E-06 1.2E-04
Diet 4 2.7E-06 7.1E-05 1.9E-03
Relative Risk [ ]
Diet 1 1.00078 1.018 14
Diet 2 1.00039 1.0079 1.15
Diet 3 1.00019 1.0033 1.068
Diet 4 1.0025 1.055 2.1
Probability of Causation [%]

Diet 1 0.078 1.73 27.7
Diet 2 0.039 0.78 131
Diet 3 0.019 0.33 6.4
Diet 4 0.249 5.16 50.5

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11-C July 1999
Location: OR Townsite
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0011 0.011 0.12
Inhalation 0.025 0.084 0.3
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.12 0.52 2.9

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.9E-06 2.0E-05 2.0E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00066 1.0052 1.051
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.066 0.52 4.9
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-203
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| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11-C July 1999
Location: OR Townsite
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0011 0.011 0.13
Inhalation 0.026 0.091 0.32
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.12 0.58 34

ExcessLifetimeRisk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.9E-07 5.3E-06 1.3E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 1.00019 1.0034 1.069
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 -- -- --
Diet 2 -- -- --
Diet 3 0.019 0.34 6.4
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-204
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: HinesValley
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.54 3.2 20
Commercia Milk (locally produced) 0.15 0.9 6.1
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 15 9.8 62
Beef (locally produced) 0.0013 0.023 0.51
Leafy Vegetables (locally produced) 0.00056 0.0057 0.052
Eggs (localy produced) 0.036 0.25 17
Cottage Cheese (locally produced) 0.0013 0.012 0.13
Inhalation 0.029 0.1 0.34
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.67 3.6 23
Diet 2 0.27 1.4 8
Diet 3 0.12 0.54 29

ExcessLifetimeRisk [ ]
Diet 1 8.8E-06 1.2E-04 1.5E-03
Diet 2 4.8E-06 5.3E-05 6.5E-04
Diet 3 2.0E-06 2.1E-05 2.1E-04
Diet 4 3.0E-05 4.0E-04 6.1E-03
Relative Risk [ ]
Diet 1 1.0035 1.03 1.3
Diet 2 1.0014 1.013 1.14
Diet 3 1.00067 1.0054 1.052
Diet 4 1.011 1.093 2.2
Probability of Causation [%]

Diet 1 0.352 2.92 23.1
Diet 2 0.138 1.33 12.2
Diet 3 0.067 0.54 4.9
Diet 4 1.055 8.53 53.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-205



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: HinesValley
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.71 3.8 22
Commercia Milk (locally produced) 0.16 1 7.1
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 17 11 73
Beef (locally produced) 0.0019 0.032 0.69
Leafy Vegetables (locally produced) 0.00055 0.0056 0.05
Eggs (localy produced) 0.04 0.29 2
Cottage Cheese (locally produced) 0.0012 0.012 0.15
Inhalation 0.031 0.11 0.37

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.83 4.3 24
Diet 2 0.3 1.6 9.2
Diet 3 0.13 0.61 34

ExcessLifetimeRisk [ ]

Diet 1 9.7E-07 3.1E-05 8.1E-04
Diet 2 4.4E-07 1.4E-05 3.5E-04
Diet 3 2.0E-07 5.5E-06 1.3E-04
Diet 4 3.2E-06 8.8E-05 2.5E-03

Relative Risk [ ]

Diet 1 1.00096 1.022 1.45
Diet 2 1.00047 1.0095 1.19
Diet 3 1.0002 1.0034 1.071
Diet 4 1.0027 1.067 2.5

Probability of Causation [%]

Diet 1 0.096 2.18 31.2
Diet 2 0.046 0.94 15.6
Diet 3 0.020 0.34 6.6
Diet 4 0.270 6.32 59.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-206
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Farragut
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.64 3.6 20
Commercial Milk (localy produced) 0.17 1.1 6.3
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1.8 11 76
Beef (locally produced) 0.0014 0.026 0.59
Leafy Vegetables (locally produced) 0.00055 0.0065 0.059
Eggs (localy produced) 0.045 0.28 19
Cottage Cheese (locally produced) 0.0013 0.014 0.14
Inhalation 0.034 0.11 0.41
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.77 4.1 23
Diet 2 0.31 1.6 8.4
Diet 3 0.13 0.55 29

ExcessLifetimeRisk [ ]
Diet 1 1.1E-05 1.4E-04 1.6E-03
Diet 2 4.8E-06 5.7E-05 6.5E-04
Diet 3 2.0E-06 2.1E-05 2.1E-04
Diet 4 3.3E-05 4.6E-04 5.9E-03
Relative Risk [ ]
Diet 1 1.0041 1.034 1.35
Diet 2 1.0016 1.015 1.15
Diet 3 1.00072 1.0055 1.052
Diet 4 1.012 111 24
Probability of Causation [%]

Diet 1 0.407 3.27 25.7
Diet 2 0.164 1.49 13.2
Diet 3 0.072 0.55 4.9
Diet 4 1.184 9.55 57.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-207



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: Farragut
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.84 4.1 23
Commercia Milk (locally produced) 0.19 12 7.6
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 2.1 13 86
Beef (locally produced) 0.0021 0.036 0.86
Leafy Vegetables (locally produced) 0.00055 0.0063 0.058
Eggs (localy produced) 0.049 0.33 2.1
Cottage Cheese (locally produced) 0.0014 0.014 0.15
Inhalation 0.033 0.12 0.41

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.99 4.7 26
Diet 2 0.35 1.8 10
Diet 3 0.14 0.62 3.5

ExcessLifetimeRisk [ ]

Diet 1 1.1E-06 3.4E-05 8.7E-04
Diet 2 4.9E-07 1.6E-05 3.8E-04
Diet 3 2.1E-07 5.6E-06 1.3E-04
Diet 4 3.6E-06 9.7E-05 2.8E-03

Relative Risk [ ]

Diet 1 1.0011 1.023 1.52
Diet 2 1.00056 1.01 1.22
Diet 3 1.0002 1.0035 1.071
Diet 4 1.0034 1.074 2.6

Probability of Causation [%]

Diet 1 0.113 2.27 34.3
Diet 2 0.056 1.02 17.8
Diet 3 0.020 0.35 6.6
Diet 4 0.334 6.91 61.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-208
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Lenoir City
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.42 2.2 11
Commercia Milk (locally produced) 0.1 0.61 4.4
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.00096 0.016 0.32
Leafy Vegetables (locally produced) 0.00042 0.004 0.033
Eggs (localy produced) 0.027 0.17 11
Cottage Cheese (locally produced) 0.00084 0.0083 0.089
Inhalation 0.02 0.071 0.26
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.51 25 13
Diet 2 0.19 0.93 54
Diet 3 0.11 0.5 2.8

ExcessLifetimeRisk [ ]
Diet 1 6.7E-06 8.1E-05 1.1E-03
Diet 2 3.1E-06 3.5E-05 4.2E-04
Diet 3 1.8E-06 2.0E-05 2.0E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.0024 1.02 1.23
Diet 2 1.0011 1.0091 1.11
Diet 3 1.00062 1.0051 1.051
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.244 1.93 18.5
Diet 2 0.105 0.91 9.9
Diet 3 0.062 0.51 4.8
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-209
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Lenoir City
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.49 2.6 14
Commercia Milk (locally produced) 0.12 0.69 5
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0013 0.022 04
Leafy Vegetables (locally produced) 0.00041 0.004 0.032
Eggs (localy produced) 0.032 0.2 1.3
Cottage Cheese (locally produced) 0.00087 0.0084 0.081
Inhalation 0.022 0.075 0.28
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.57 3 15
Diet 2 0.23 1 6.4
Diet 3 0.12 0.57 3.3

ExcessLifetimeRisk [ ]
Diet 1 5.8E-07 2.2E-05 4.7E-04
Diet 2 2.4E-07 9.3E-06 2.2E-04
Diet 3 1.9e-07 5.2E-06 1.3E-04
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.00076 1.014 1.28
Diet 2 1.00031 1.0065 1.13
Diet 3 1.00018 1.0033 1.067
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 0.076 1.43 21.9
Diet 2 0.031 0.65 11.2
Diet 3 0.018 0.33 6.2
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-210
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Kingston
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.47 2.8 15
Commercia Milk (locally produced) 0.13 0.82 4.9
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1.3 9 58
Beef (locally produced) 0.0012 0.02 0.41
Leafy Vegetables (locally produced) 0.00048 0.0049 0.046
Eggs (localy produced) 0.034 0.21 14
Cottage Cheese (locally produced) 0.00089 0.011 0.11
Inhalation 0.027 0.091 0.33
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.57 3.2 18
Diet 2 0.24 1.2 6.9
Diet 3 0.12 0.53 29

ExcessLifetimeRisk [ ]
Diet 1 7.7E-06 1.1E-04 1.3E-03
Diet 2 4.1E-06 4.7E-05 5.4E-04
Diet 3 1.9E-06 2.0E-05 2.1E-04
Diet 4 2.7E-05 3.4E-04 4.5E-03
Relative Risk [ ]
Diet 1 1.0031 1.026 1.28
Diet 2 1.0015 1.012 1.13
Diet 3 1.00068 1.0053 1.052
Diet 4 1.01 1.084 2
Probability of Causation [%]

Diet 1 0.304 2.52 21.8
Diet 2 0.149 1.17 11.6
Diet 3 0.068 0.53 5.0
Diet 4 1.001 7.74 50.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-211



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: Kingston
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.63 3.4 19
Commercia Milk (locally produced) 0.15 0.89 6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 15 10 67
Beef (locally produced) 0.0017 0.028 0.64
Leafy Vegetables (locally produced) 0.00047 0.0051 0.042
Eggs (localy produced) 0.036 0.25 17
Cottage Cheese (locally produced) 0.0011 0.011 0.11
Inhalation 0.028 0.099 0.35

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.74 3.8 21
Diet 2 0.28 1.4 8.5
Diet 3 0.12 0.59 34

ExcessLifetimeRisk [ ]

Diet 1 8.4E-07 2.7E-05 7.0E-04
Diet 2 3.7E-07 1.3E-05 2.9E-04
Diet 3 2.0E-07 5.4E-06 1.3E-04
Diet 4 2.8E-06 7.8E-05 2.2E-03

Relative Risk [ ]

Diet 1 1.00078 1.019 1.4
Diet 2 1.00041 1.0083 117
Diet 3 1.0002 1.0034 1.069
Diet 4 1.0025 1.054 2.3

Probability of Causation [%]

Diet 1 0.078 1.86 284
Diet 2 0.041 0.83 14.5
Diet 3 0.020 0.33 6.5
Diet 4 0.247 5.15 56.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-212
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Karns
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.65 3.8 21
Commercia Milk (locally produced) 0.18 11 6.2
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1.8 12 79
Beef (locally produced) 0.0015 0.027 0.56
Leafy Vegetables (locally produced) 0.00061 0.0068 0.059
Eggs (localy produced) 0.047 0.3 2
Cottage Cheese (locally produced) 0.0013 0.014 0.14
Inhalation 0.038 0.12 0.45
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.81 4.5 24
Diet 2 0.33 1.7 8.2
Diet 3 0.14 0.56 3

ExcessLifetimeRisk [ ]
Diet 1 1.2E-05 1.5E-04 1.7E-03
Diet 2 5.7E-06 6.2E-05 7.3E-04
Diet 3 2.1E-06 2.1E-05 2.1E-04
Diet 4 3.4E-05 4.9E-04 6.4E-03
Relative Risk [ ]
Diet 1 1.0043 1.035 1.34
Diet 2 1.0018 1.017 1.16
Diet 3 1.00075 1.0057 1.053
Diet 4 1.013 111 25
Probability of Causation [%]

Diet 1 0.433 3.36 25.6
Diet 2 0.177 1.65 135
Diet 3 0.075 0.56 51
Diet 4 1.285 9.97 59.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-213



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: Karns
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.86 4.4 23
Commercia Milk (locally produced) 0.21 12 7.5
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 2 14 94
Beef (locally produced) 0.0022 0.038 0.83
Leafy Vegetables (locally produced) 0.00056 0.0067 0.056
Eggs (localy produced) 0.052 0.35 2.3
Cottage Cheese (locally produced) 0.0015 0.015 0.15
Inhalation 0.038 0.14 0.45

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 1 5 26
Diet 2 0.38 1.9 9.9
Diet 3 0.14 0.64 3.6

ExcessLifetimeRisk [ ]

Diet 1 1.2E-06 3.7E-05 9.0E-04
Diet 2 5.0E-07 1.7E-05 3.9E-04
Diet 3 2.1E-07 5.7E-06 1.3E-04
Diet 4 3.8E-06 1.1E-04 2.8E-03

Relative Risk [ ]

Diet 1 1.0011 1.025 1.54
Diet 2 1.00058 1.011 1.22
Diet 3 1.00021 1.0036 1.071
Diet 4 1.0035 1.078 2.5

Probability of Causation [%]

Diet 1 0.115 2.49 34.9
Diet 2 0.058 1.10 17.9
Diet 3 0.021 0.36 6.7
Diet 4 0.348 7.25 60.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-214



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Loudon
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.38 2.1 13
Commercia Milk (locally produced) 0.091 0.63 3.9
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1 6.7 44
Beef (locally produced) 0.00093 0.015 0.31
Leafy Vegetables (locally produced) 0.00035 0.0038 0.034
Eggs (localy produced) 0.025 0.17 11
Cottage Cheese (locally produced) 0.00079 0.0079 0.09
Inhalation 0.022 0.073 0.25
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.46 25 14
Diet 2 0.18 0.94 53
Diet 3 0.11 0.5 29

ExcessLifetimeRisk [ ]
Diet 1 6.4E-06 8.2E-05 1.0E-03
Diet 2 3.2E-06 3.6E-05 4.2E-04
Diet 3 1.8E-06 2.0E-05 2.0E-04
Diet 4 2.0E-05 2.7E-04 3.5E-03
Relative Risk [ ]
Diet 1 1.0024 1.02 1.2
Diet 2 1.001 1.0089 1.096
Diet 3 1.00063 1.0051 1.051
Diet 4 1.0076 1.062 1.84
Probability of Causation [%]

Diet 1 0.237 1.96 16.7
Diet 2 0.100 0.88 8.7
Diet 3 0.063 0.51 4.8
Diet 4 0.751 5.83 45.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-215
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Loudon
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.48 2.5 15
Commercia Milk (locally produced) 0.11 0.69 4.6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 11 7.8 50
Beef (locally produced) 0.0014 0.021 0.44
Leafy Vegetables (locally produced) 0.00035 0.0037 0.033
Eggs (localy produced) 0.028 0.2 1.3
Cottage Cheese (locally produced) 0.00078 0.0082 0.091
Inhalation 0.022 0.08 0.28
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.56 2.8 17
Diet 2 0.2 1.1 6.4
Diet 3 0.12 0.57 3.3

ExcessLifetimeRisk [ ]
Diet 1 6.8E-07 2.1E-05 5.0E-04
Diet 2 3.2E-07 9.4E-06 2.2E-04
Diet 3 1.9e-07 5.2E-06 1.2E-04
Diet 4 2.1E-06 5.9E-05 1.6E-03
Relative Risk [ ]
Diet 1 1.00063 1.015 1.3
Diet 2 1.00031 1.0064 1.12
Diet 3 1.00019 1.0033 1.068
Diet 4 1.002 1.044 1.85
Probability of Causation [%]

Diet 1 0.063 1.44 22.8
Diet 2 0.031 0.63 10.6
Diet 3 0.019 0.33 6.4
Diet 4 0.196 4.23 45.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-216
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Harriman
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.23 13 6.5
Commercia Milk (locally produced) 0.06 0.36 2.4
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.6 3.9 26
Beef (locally produced) 0.00055 0.0092 0.19
Leafy Vegetables (locally produced) 0.00024 0.0022 0.019
Eggs (localy produced) 0.016 0.098 0.61
Cottage Cheese (locally produced) 0.00049 0.0047 0.049
Inhalation 0.012 0.04 0.15
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.29 1.4 7.4
Diet 2 0.11 0.54 3.2
Diet 3 0.098 0.47 2.7

ExcessLifetimeRisk [ ]
Diet 1 4.0E-06 4.8E-05 5.9E-04
Diet 2 1.8E-06 2.0E-05 2.5E-04
Diet 3 1.6E-06 1.8E-05 1.9E-04
Diet 4 1.2E-05 1.6E-04 2.1E-03
Relative Risk [ ]
Diet 1 1.0014 1.011 1.13
Diet 2 1.0006 1.0052 1.06
Diet 3 1.00055 1.0049 1.049
Diet 4 1.0042 1.037 1.41
Probability of Causation [%]

Diet 1 0.139 1.13 114
Diet 2 0.060 0.51 5.7
Diet 3 0.055 0.48 4.7
Diet 4 0.415 3.60 29.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-217
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Harriman
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.28 15 8
Commercia Milk (locally produced) 0.066 0.4 2.8
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.66 4.6 31
Beef (locally produced) 0.00076 0.013 0.24
Leafy Vegetables (locally produced) 0.00023 0.0023 0.019
Eggs (localy produced) 0.018 0.12 0.75
Cottage Cheese (locally produced) 0.0005 0.0047 0.046
Inhalation 0.013 0.042 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.33 1.7 9
Diet 2 0.13 0.6 3.7
Diet 3 0.1 0.52 3.2

ExcessLifetimeRisk [ ]
Diet 1 3.4E-07 1.2E-05 2.9E-04
Diet 2 1.4E-07 5.4E-06 1.2E-04
Diet 3 1.8E-07 4.8E-06 1.2E-04
Diet 4 1.1E-06 3.4E-05 9.0E-04
Relative Risk [ ]
Diet 1 1.00041 1.0084 1.16
Diet 2 1.00018 1.0037 1.071
Diet 3 1.00017 1.0031 1.065
Diet 4 1.0013 1.026 151
Probability of Causation [%]

Diet 1 0.041 0.84 14.2
Diet 2 0.018 0.37 6.6
Diet 3 0.017 0.31 6.1
Diet 4 0.128 257 33.8

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-218
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Cedar Bluff
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.53 3 18
Commercia Milk (locally produced) 0.14 0.87 5.7
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1.4 9.1 59
Beef (locally produced) 0.0012 0.022 0.48
Leafy Vegetables (locally produced) 0.00055 0.0053 0.045
Eggs (localy produced) 0.034 0.23 15
Cottage Cheese (locally produced) 0.0012 0.011 0.12
Inhalation 0.03 0.1 0.35
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.64 35 20
Diet 2 0.27 1.3 7.3
Diet 3 0.12 0.54 29

ExcessLifetimeRisk [ ]
Diet 1 8.4E-06 1.1E-04 1.5E-03
Diet 2 4.5E-06 4.9E-05 5.7E-04
Diet 3 2.0E-06 2.1E-05 2.1E-04
Diet 4 2.9E-05 3.9E-04 5.3E-03
Relative Risk [ ]
Diet 1 1.0035 1.029 1.26
Diet 2 1.0014 1.013 1.13
Diet 3 1.00068 1.0054 1.052
Diet 4 1.01 1.087 2.1
Probability of Causation [%]

Diet 1 0.347 2.79 20.8
Diet 2 0.136 1.27 111
Diet 3 0.068 0.54 4.9
Diet 4 1.016 7.97 51.7

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-219
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Appendix 11-C July 1999

L ocation: Cedar Bluff
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.68 35 20
Commercia Milk (locally produced) 0.16 0.97 6.7
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 1.6 11 70
Beef (locally produced) 0.0017 0.031 0.67
Leafy Vegetables (locally produced) 0.00052 0.0052 0.044
Eggs (localy produced) 0.039 0.27 1.8
Cottage Cheese (locally produced) 0.0012 0.012 0.14
Inhalation 0.031 0.11 0.37

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.8 4 22
Diet 2 0.29 15 8.6
Diet 3 0.13 0.6 34

ExcessLifetimeRisk [ ]

Diet 1 9.7E-07 3.0E-05 7.3E-04
Diet 2 4.1E-07 1.3E-05 3.1E-04
Diet 3 2.0E-07 5.5E-06 1.3E-04
Diet 4 3.0E-06 8.3E-05 2.2E-03

Relative Risk [ ]

Diet 1 1.0009 1.021 1.43
Diet 2 1.00043 1.0089 117
Diet 3 1.0002 1.0034 1.071
Diet 4 1.0027 1.06 2.3

Probability of Causation [%]

Diet 1 0.090 2.01 29.9
Diet 2 0.043 0.88 14.8
Diet 3 0.020 0.34 6.6
Diet 4 0.270 5.68 55.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-220
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Oakdale
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.71 4.4
Commercia Milk (locally produced) 0.032 0.21 14
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.28 2.2 15
Beef (locally produced) 0.00031 0.0051 0.11
Leafy Vegetables (locally produced) 0.00012 0.0013 0.011
Eggs (localy produced) 0.0074 0.055 0.38
Cottage Cheese (locally produced) 0.00028 0.0027 0.032
Inhalation 0.0066 0.023 0.087
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.14 0.82 5
Diet 2 0.058 0.31 1.8
Diet 3 0.087 0.45 2.7

ExcessLifetimeRisk [ ]
Diet 1 1.9E-06 2.8E-05 3.3E-04
Diet 2 9.8E-07 1.2E-05 1.4E-04
Diet 3 1.5E-06 1.8E-05 1.9E-04
Diet 4 6.0E-06 9.1E-05 1.2E-03
Relative Risk [ ]
Diet 1 1.00073 1.0065 1.07
Diet 2 1.0003 1.003 1.032
Diet 3 1.00053 1.0047 1.048
Diet 4 1.0021 1.021 1.25
Probability of Causation [%]

Diet 1 0.073 0.65 6.5
Diet 2 0.030 0.30 31
Diet 3 0.053 0.47 4.6
Diet 4 0.210 2.04 20.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-221
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Appendix 11-C July 1999

Location: Oakdale
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.14 0.83 5
Commercia Milk (locally produced) 0.034 0.23 1.6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.33 2.6 17
Beef (locally produced) 0.00043 0.007 0.15
Leafy Vegetables (locally produced) 0.00011 0.0013 0.011
Eggs (localy produced) 0.0089 0.066 0.45
Cottage Cheese (locally produced) 0.00026 0.0027 0.03
Inhalation 0.0068 0.025 0.091

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.17 0.95 5.6
Diet 2 0.067 0.36 21
Diet 3 0.096 0.5 3.1

ExcessLifetimeRisk [ ]

Diet 1 1.9E-07 7.2E-06 1.8E-04
Diet 2 8.7E-08 3.2E-06 7.7E-05
Diet 3 1.7E-07 4.7E-06 1.2E-04
Diet 4 6.3E-07 2.0E-05 5.8E-04

Relative Risk [ ]

Diet 1 1.00023 1.0049 1.094
Diet 2 1.00011 1.0021 1.041
Diet 3 1.00016 1.0031 1.064
Diet 4 1.00065 1.015 1.3

Probability of Causation [%]

Diet 1 0.023 0.49 8.5
Diet 2 0.011 0.21 3.9
Diet 3 0.016 0.30 6.0
Diet 4 0.065 1.48 22.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-222
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Claxton
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.44 2.5 15
Commercia Milk (locally produced) 0.12 0.72 4.6
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 1.2 7.6 48
Beef (locally produced) 0.001 0.018 0.39
Leafy Vegetables (locally produced) 0.00045 0.0044 0.038
Eggs (localy produced) 0.029 0.19 1.2
Cottage Cheese (locally produced) 0.00097 0.0095 0.098
Inhalation 0.025 0.083 0.29
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.54 29 17
Diet 2 0.23 1.1 6
Diet 3 0.11 0.52 29

ExcessLifetimeRisk [ ]
Diet 1 7.1E-06 9.6E-05 1.2E-03
Diet 2 3.8E-06 4.1E-05 5.0E-04
Diet 3 1.9E-06 2.0E-05 2.0E-04
Diet 4 2.4E-05 3.2E-04 4.5E-03
Relative Risk [ ]
Diet 1 1.0028 1.024 1.22
Diet 2 1.0012 1.011 111
Diet 3 1.00065 1.0052 1.051
Diet 4 1.0088 1.073 1.9
Probability of Causation [%]

Diet 1 0.283 2.30 18.2
Diet 2 0.117 1.08 9.6
Diet 3 0.065 0.52 4.9
Diet 4 0.876 6.82 47.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-223
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Claxton
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.57 29 17
Commercia Milk (locally produced) 0.13 0.8 5.6
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 14 9.1 58
Beef (locally produced) 0.0015 0.025 0.55
Leafy Vegetables (locally produced) 0.00043 0.0043 0.038
Eggs (localy produced) 0.032 0.23 15
Cottage Cheese (locally produced) 0.00097 0.0098 0.11
Inhalation 0.026 0.091 0.3
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.67 3.3 19
Diet 2 0.25 1.2 7.2
Diet 3 0.12 0.58 34

ExcessLifetimeRisk [ ]
Diet 1 8.1E-07 2.5E-05 6.1E-04
Diet 2 3.5E-07 1.1E-05 2.5E-04
Diet 3 2.0E-07 5.3E-06 1.3E-04
Diet 4 2.5E-06 6.9E-05 1.8E-03
Relative Risk [ ]
Diet 1 1.00074 1.017 1.36
Diet 2 1.00036 1.0074 1.14
Diet 3 1.00019 1.0033 1.069
Diet 4 1.0022 1.052 21
Probability of Causation [%]

Diet 1 0.074 1.68 26.2
Diet 2 0.036 0.74 12.4
Diet 3 0.019 0.33 6.4
Diet 4 0.224 4.93 51.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-224
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Dutch Valley
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.2 12 6.7
Commercia Milk (locally produced) 0.056 0.35 2.2
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.52 3.7 26
Beef (locally produced) 0.0005 0.0087 0.17
Leafy Vegetables (locally produced) 0.00022 0.0022 0.018
Eggs (localy produced) 0.015 0.095 0.6
Cottage Cheese (locally produced) 0.00045 0.0046 0.048
Inhalation 0.012 0.04 0.14
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.26 1.4 7.6
Diet 2 0.1 0.53 2.8
Diet 3 0.096 0.47 2.7

ExcessLifetimeRisk [ ]
Diet 1 3.6E-06 4.6E-05 5.6E-04
Diet 2 1.7E-06 2.0E-05 2.3E-04
Diet 3 1.5E-06 1.9E-05 1.9E-04
Diet 4 1.1E-05 1.5E-04 2.1E-03
Relative Risk [ ]
Diet 1 1.0014 1.011 1.12
Diet 2 1.00057 1.0053 1.055
Diet 3 1.00056 1.0048 1.049
Diet 4 1.0039 1.036 1.43
Probability of Causation [%]

Diet 1 0.138 1.09 10.7
Diet 2 0.057 0.52 52
Diet 3 0.056 0.48 4.7
Diet 4 0.390 3.48 29.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-225
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Dutch Valley
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.26 14 7.4
Commercia Milk (locally produced) 0.065 0.39 25
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 0.58 4.4 30
Beef (locally produced) 0.00073 0.012 0.23
Leafy Vegetables (locally produced) 0.0002 0.0022 0.018
Eggs (localy produced) 0.017 0.11 0.72
Cottage Cheese (locally produced) 0.00048 0.0046 0.044
Inhalation 0.012 0.043 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.31 1.6 8.4
Diet 2 0.12 0.59 3.2
Diet 3 0.1 0.52 3.2

ExcessLifetimeRisk [ ]
Diet 1 3.6E-07 1.2E-05 2.7E-04
Diet 2 1.4E-07 5.2E-06 1.2E-04
Diet 3 1.8E-07 4.8E-06 1.2E-04
Diet 4 1.1E-06 3.3E-05 9.2E-04
Relative Risk [ ]
Diet 1 1.00037 1.0082 1.16
Diet 2 1.00017 1.0035 1.069
Diet 3 1.00017 1.0031 1.065
Diet 4 1.0011 1.025 1.47
Probability of Causation [%]

Diet 1 0.037 0.82 13.9
Diet 2 0.017 0.35 6.4
Diet 3 0.017 0.31 6.1
Diet 4 0.114 244 315

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-226
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Clinton
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.34 2 11
Commercia Milk (locally produced) 0.089 0.56 35
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.89 6 39
Beef (locally produced) 0.0008 0.014 0.28
Leafy Vegetables (locally produced) 0.00035 0.0035 0.028
Eggs (localy produced) 0.022 0.15 0.97
Cottage Cheese (locally produced) 0.00077 0.0073 0.079
Inhalation 0.02 0.064 0.23
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.41 2.3 13
Diet 2 0.17 0.84 4.6
Diet 3 0.11 0.5 2.8

ExcessLifetimeRisk [ ]
Diet 1 5.3E-06 7.6E-05 9.3E-04
Diet 2 2.8E-06 3.1E-05 3.6E-04
Diet 3 1.8E-06 1.9E-05 2.0E-04
Diet 4 1.8E-05 2.5E-04 3.3E-03
Relative Risk [ ]
Diet 1 1.0021 1.018 1.18
Diet 2 1.00088 1.0084 1.081
Diet 3 1.00062 1.005 1.05
Diet 4 1.0064 1.057 1.67
Probability of Causation [%]

Diet 1 0.214 1.81 15.0
Diet 2 0.088 0.84 7.5
Diet 3 0.062 0.50 4.8
Diet 4 0.639 5.40 39.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-227
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Clinton
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.43 2.3 13
Commercia Milk (locally produced) 0.1 0.62 4.1
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 1 7 45
Beef (locally produced) 0.0011 0.019 0.41
Leafy Vegetables (locally produced) 0.00034 0.0034 0.028
Eggs (localy produced) 0.026 0.18 12
Cottage Cheese (locally produced) 0.00076 0.0074 0.081
Inhalation 0.02 0.069 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.5 2.6 15
Diet 2 0.19 0.98 52
Diet 3 0.11 0.55 3.3

ExcessLifetimeRisk [ ]
Diet 1 6.5E-07 2.0E-05 4.5E-04
Diet 2 2.6E-07 8.6E-06 2.0E-04
Diet 3 1.9e-07 5.1E-06 1.2E-04
Diet 4 1.8E-06 5.4E-05 1.4E-03
Relative Risk [ ]
Diet 1 1.00057 1.013 1.27
Diet 2 1.00031 1.0058 1.11
Diet 3 1.00018 1.0032 1.067
Diet 4 1.0018 1.041 1.79
Probability of Causation [%]

Diet 1 0.057 1.28 21.0
Diet 2 0.031 0.58 9.7
Diet 3 0.018 0.32 6.3
Diet 4 0.183 3.90 43.6

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-228
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Friendsville
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 11 6.6
Commercia Milk (locally produced) 0.052 0.33 19
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.51 34 26
Beef (locally produced) 0.00045 0.008 0.17
Leafy Vegetables (locally produced) 0.00018 0.002 0.017
Eggs (localy produced) 0.013 0.086 0.61
Cottage Cheese (locally produced) 0.00042 0.0042 0.042
Inhalation 0.012 0.044 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.23 1.3 7.5
Diet 2 0.092 0.5 25
Diet 3 0.096 0.47 2.7

ExcessLifetimeRisk [ ]
Diet 1 3.4E-06 4.2E-05 5.1E-04
Diet 2 1.6E-06 1.8E-05 2.0E-04
Diet 3 1.6E-06 1.9E-05 2.0E-04
Diet 4 9.7E-06 1.4E-04 1.9E-03
Relative Risk [ ]
Diet 1 1.0012 1.011 11
Diet 2 1.00054 1.0048 1.047
Diet 3 1.00057 1.0049 1.049
Diet 4 1.0035 1.034 1.41
Probability of Causation [%]

Diet 1 0.118 1.04 9.2
Diet 2 0.054 0.47 4.5
Diet 3 0.057 0.49 4.7
Diet 4 0.347 3.25 29.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-229
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Friendsville
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 1.3 6.8
Commercia Milk (locally produced) 0.059 0.36 2.1
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.58 4 28
Beef (locally produced) 0.00066 0.011 0.25
Leafy Vegetables (locally produced) 0.00017 0.002 0.016
Eggs (localy produced) 0.014 0.1 0.7
Cottage Cheese (locally produced) 0.0004 0.0043 0.044
Inhalation 0.012 0.047 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.29 1.4 7.8
Diet 2 0.1 0.57 29
Diet 3 0.1 0.52 3.2

ExcessLifetimeRisk [ ]
Diet 1 3.2E-07 1.1E-05 2.8E-04
Diet 2 1.6E-07 4.7E-06 1.2E-04
Diet 3 1.8E-07 4.9E-06 1.2E-04
Diet 4 1.1E-06 3.0E-05 9.0E-04
Relative Risk [ ]
Diet 1 1.00036 1.0074 1.15
Diet 2 1.00017 1.0033 1.064
Diet 3 1.00018 1.0031 1.065
Diet 4 1.001 1.023 1.45
Probability of Causation [%]

Diet 1 0.036 0.74 131
Diet 2 0.016 0.33 6.0
Diet 3 0.018 0.31 6.1
Diet 4 0.100 2.25 31.0

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Wartburg
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.04 0.31 1.7
Commercia Milk (locally produced) 0.012 0.086 0.57
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.13 0.98 7.1
Beef (locally produced) 0.00013 0.0021 0.051
Leafy Vegetables (locally produced) 0.000048 0.00054 0.0055
Eggs (localy produced) 0.0033 0.023 0.17
Cottage Cheese (locally produced) 0.00009 0.0012 0.012
Inhalation 0.0027 0.01 0.043
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.053 0.36 1.9
Diet 2 0.023 0.13 0.79
Diet 3 0.077 0.44 2.6

ExcessLifetimeRisk [ ]
Diet 1 7.7E-07 1.1E-05 1.4E-04
Diet 2 4.3E-07 5.0E-06 6.5E-05
Diet 3 1.4E-06 1.7E-05 1.9E-04
Diet 4 2.6E-06 3.7E-05 5.1E-04
Relative Risk [ ]
Diet 1 1.0003 1.0028 1.036
Diet 2 1.00015 1.0013 1.018
Diet 3 1.00051 1.0046 1.048
Diet 4 1.00098 1.0091 1.11
Probability of Causation [%]

Diet 1 0.030 0.28 35
Diet 2 0.015 0.13 1.8
Diet 3 0.051 0.45 4.6
Diet 4 0.098 0.91 10.0

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-231
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Wartburg
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.052 0.35 2
Commercia Milk (locally produced) 0.015 0.1 0.7
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.15 11 8
Beef (locally produced) 0.0002 0.003 0.075
Leafy Vegetables (locally produced) 0.000046 0.00054 0.005
Eggs (localy produced) 0.0036 0.027 0.2
Cottage Cheese (locally produced) 0.0001 0.0012 0.012
Inhalation 0.0029 0.011 0.045
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.062 0.4 2.2
Diet 2 0.026 0.15 0.98
Diet 3 0.084 0.49 31

ExcessLifetimeRisk [ ]
Diet 1 7.9E-08 3.0E-06 8.0E-05
Diet 2 4.1E-08 1.4E-06 3.1E-05
Diet 3 1.6E-07 4.6E-06 1.1E-04
Diet 4 2.6E-07 8.7E-06 24E-04
Relative Risk [ ]
Diet 1 1.000085 1.0021 1.043
Diet 2 1.000042 1.00096 1.019
Diet 3 1.00015 1.003 1.063
Diet 4 1.00022 1.006 1.15
Probability of Causation [%]

Diet 1 0.008 0.21 4.2
Diet 2 0.004 0.10 1.8
Diet 3 0.015 0.30 6.0
Diet 4 0.022 0.60 131

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Rockwood
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.23 13 7.4
Commercia Milk (locally produced) 0.058 0.38 2.3
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.61 4 27
Beef (locally produced) 0.00054 0.0089 0.19
Leafy Vegetables (locally produced) 0.00021 0.0022 0.02
Eggs (localy produced) 0.015 0.099 0.62
Cottage Cheese (locally produced) 0.00045 0.0049 0.049
Inhalation 0.013 0.045 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.28 15 8.3
Diet 2 0.11 0.56 31
Diet 3 0.097 0.48 2.8

ExcessLifetimeRisk [ ]
Diet 1 3.8E-06 4.8E-05 5.9E-04
Diet 2 1.8E-06 2.1E-05 2.4E-04
Diet 3 1.6E-06 1.9E-05 2.0E-04
Diet 4 1.2E-05 1.6E-04 1.8E-03
Relative Risk [ ]
Diet 1 1.0014 1.012 112
Diet 2 1.00062 1.0053 1.055
Diet 3 1.00058 1.0049 1.049
Diet 4 1.0044 1.037 1.48
Probability of Causation [%]

Diet 1 0.144 115 104
Diet 2 0.062 0.53 52
Diet 3 0.058 0.49 4.7
Diet 4 0.434 3.58 314

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11-C July 1999

L ocation: Rockwood
Receptor: Maleborn in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.28 15 8.5
Commercia Milk (locally produced) 0.07 0.41 2.8
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.69 4.7 29
Beef (locally produced) 0.00083 0.013 0.29
Leafy Vegetables (locally produced) 0.00021 0.0022 0.02
Eggs (localy produced) 0.017 0.12 0.76
Cottage Cheese (locally produced) 0.00049 0.0049 0.053
Inhalation 0.013 0.049 0.17

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.33 1.7 9.6
Diet 2 0.13 0.64 3.8
Diet 3 0.1 0.53 3.2

ExcessLifetimeRisk [ ]

Diet 1 4.0E-07 1.2E-05 2.9E-04
Diet 2 1.9e-07 5.5E-06 1.3E-04
Diet 3 1.8E-07 4.9E-06 1.2E-04
Diet 4 1.3E-06 3.3E-05 9.7E-04

Relative Risk [ ]

Diet 1 1.00039 1.0086 1.18
Diet 2 1.00019 1.0038 1.071
Diet 3 1.00018 1.0031 1.065
Diet 4 1.0011 1.026 1.56

Probability of Causation [%]

Diet 1 0.039 0.85 14.9
Diet 2 0.019 0.38 6.6
Diet 3 0.018 0.31 6.1
Diet 4 0.112 2.50 35.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Louisville
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.19 12 6.3
Commercia Milk (locally produced) 0.052 0.34 2.1
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.5 3.6 26
Beef (locally produced) 0.0005 0.0083 0.16
Leafy Vegetables (locally produced) 0.0002 0.0021 0.018
Eggs (localy produced) 0.014 0.088 0.61
Cottage Cheese (locally produced) 0.00041 0.0045 0.046
Inhalation 0.013 0.045 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.24 1.4 7.1
Diet 2 0.098 0.52 29
Diet 3 0.098 0.48 2.8

ExcessLifetimeRisk [ ]
Diet 1 3.4E-06 4.3E-05 5.5E-04
Diet 2 1.7E-06 1.9E-05 2.2E-04
Diet 3 1.6E-06 1.9E-05 2.0E-04
Diet 4 1.0E-05 1.4E-04 2.0E-03
Relative Risk [ ]
Diet 1 1.0013 1.011 1.11
Diet 2 1.00059 1.005 1.056
Diet 3 1.00057 1.0049 1.05
Diet 4 1.0038 1.035 1.41
Probability of Causation [%]

Diet 1 0.133 1.06 10.3
Diet 2 0.059 0.49 5.3
Diet 3 0.057 0.49 4.7
Diet 4 0.381 3.34 28.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Louisville
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 14 7.1
Commercia Milk (locally produced) 0.061 0.38 25
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.57 4.2 29
Beef (locally produced) 0.00075 0.012 0.24
Leafy Vegetables (locally produced) 0.0002 0.0021 0.017
Eggs (localy produced) 0.016 0.11 0.73
Cottage Cheese (locally produced) 0.00045 0.0046 0.044
Inhalation 0.014 0.049 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.3 1.6 8.1
Diet 2 0.11 0.58 3.3
Diet 3 0.1 0.53 3.2

ExcessLifetimeRisk [ ]
Diet 1 3.5E-07 1.2E-05 2.7E-04
Diet 2 1.6E-07 5.2E-06 1.2E-04
Diet 3 1.8E-07 4.9E-06 1.2E-04
Diet 4 1.1E-06 3.2E-05 9.7E-04
Relative Risk [ ]
Diet 1 1.00034 1.0078 1.15
Diet 2 1.00017 1.0036 1.067
Diet 3 1.00018 1.0031 1.065
Diet 4 1.001 1.024 1.47
Probability of Causation [%]

Diet 1 0.034 0.78 131
Diet 2 0.017 0.35 6.2
Diet 3 0.018 0.31 6.1
Diet 4 0.103 2.32 315

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Barnardville
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.22 13 7.6
Commercia Milk (locally produced) 0.058 0.39 2.3
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.6 4.2 27
Beef (locally produced) 0.00057 0.0095 0.19
Leafy Vegetables (locally produced) 0.00022 0.0023 0.021
Eggs (localy produced) 0.015 0.1 0.71
Cottage Cheese (locally produced) 0.00046 0.005 0.051
Inhalation 0.016 0.052 0.2
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.28 15 8.4
Diet 2 0.11 0.59 3.2
Diet 3 0.1 0.48 2.8

ExcessLifetimeRisk [ ]
Diet 1 3.9E-06 5.1E-05 6.1E-04
Diet 2 1.9E-06 2.2E-05 2.6E-04
Diet 3 1.6E-06 1.9E-05 2.0E-04
Diet 4 1.2E-05 1.6E-04 2.1E-03
Relative Risk [ ]
Diet 1 1.0015 1.012 1.13
Diet 2 1.00067 1.0055 1.058
Diet 3 1.00059 1.005 1.05
Diet 4 1.0045 1.039 1.48
Probability of Causation [%]

Diet 1 0.149 1.22 11.1
Diet 2 0.067 0.54 55
Diet 3 0.059 0.49 4.8
Diet 4 0.452 3.79 325

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Barnardville
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.29 15 8.5
Commercia Milk (locally produced) 0.071 0.42 2.7
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 0.69 4.7 32
Beef (locally produced) 0.00084 0.013 0.28
Leafy Vegetables (locally produced) 0.00022 0.0023 0.02
Eggs (localy produced) 0.017 0.12 0.82
Cottage Cheese (locally produced) 0.00047 0.0052 0.052
Inhalation 0.016 0.057 0.21
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.35 1.8 9.5
Diet 2 0.13 0.67 3.7
Diet 3 0.11 0.54 3.3

ExcessLifetimeRisk [ ]
Diet 1 4.3E-07 1.3E-05 3.3E-04
Diet 2 1.9e-07 5.9E-06 1.4E-04
Diet 3 1.8E-07 5.0E-06 1.2E-04
Diet 4 1.4E-06 3.6E-05 1.1E-03
Relative Risk [ ]
Diet 1 1.00041 1.0091 1.19
Diet 2 1.0002 1.0041 1.075
Diet 3 1.00018 1.0032 1.066
Diet 4 1.0012 1.026 1.58
Probability of Causation [%]

Diet 1 0.041 0.90 16.2
Diet 2 0.020 0.41 7.0
Diet 3 0.018 0.31 6.2
Diet 4 0.121 254 36.5

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Greenback
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.71 4.6
Commercia Milk (locally produced) 0.031 0.22 14
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.3 2.3 15
Beef (locally produced) 0.00033 0.0052 0.11
Leafy Vegetables (locally produced) 0.00012 0.0013 0.012
Eggs (localy produced) 0.0086 0.057 041
Cottage Cheese (locally produced) 0.00025 0.0027 0.035
Inhalation 0.0088 0.03 0.11
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.15 0.82 52
Diet 2 0.068 0.32 2
Diet 3 0.09 0.46 2.7

ExcessLifetimeRisk [ ]
Diet 1 2.2E-06 2.8E-05 4.0E-04
Diet 2 1.2E-06 1.3E-05 1.5E-04
Diet 3 1.6E-06 1.8E-05 1.9E-04
Diet 4 7.1E-06 8.5E-05 1.2E-03
Relative Risk [ ]
Diet 1 1.00084 1.0067 1.074
Diet 2 1.00039 1.003 1.032
Diet 3 1.00056 1.0047 1.049
Diet 4 1.0025 1.021 1.28
Probability of Causation [%]

Diet 1 0.084 0.67 6.9
Diet 2 0.039 0.30 31
Diet 3 0.056 0.47 4.7
Diet 4 0.246 2.08 21.7

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Greenback
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.16 0.83 53
Commercia Milk (locally produced) 0.038 0.23 17
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.34 2.7 18
Beef (locally produced) 0.00046 0.0073 0.15
Leafy Vegetables (locally produced) 0.00013 0.0013 0.012
Eggs (localy produced) 0.0096 0.066 0.45
Cottage Cheese (locally produced) 0.00028 0.0027 0.035
Inhalation 0.0098 0.032 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 0.97 6
Diet 2 0.075 0.37 2.3
Diet 3 0.097 0.51 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.3E-07 6.9E-06 1.8E-04
Diet 2 1.1E-07 3.3E-06 7.7E-05
Diet 3 1.8E-07 4.8E-06 1.2E-04
Diet 4 7.2E-07 1.9E-05 5.5E-04
Relative Risk [ ]
Diet 1 1.00023 1.0051 111
Diet 2 1.0001 1.0023 1.041
Diet 3 1.00017 1.0031 1.064
Diet 4 1.00064 1.015 1.29
Probability of Causation [%]

Diet 1 0.023 0.51 9.9
Diet 2 0.010 0.23 4.0
Diet 3 0.017 0.31 6.0
Diet 4 0.064 151 22.7

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Rockford
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.2 12 6.7
Commercia Milk (locally produced) 0.052 0.33 2
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.54 3.6 22
Beef (locally produced) 0.00049 0.0082 0.16
Leafy Vegetables (locally produced) 0.00019 0.0021 0.017
Eggs (localy produced) 0.013 0.089 0.56
Cottage Cheese (locally produced) 0.00043 0.0043 0.048
Inhalation 0.014 0.045 0.16
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.24 1.3 7.7
Diet 2 0.11 0.51 2.7
Diet 3 0.099 0.47 2.8

ExcessLifetimeRisk [ ]
Diet 1 3.3E-06 4.3E-05 5.5E-04
Diet 2 1.8E-06 1.9E-05 2.2E-04
Diet 3 1.7E-06 1.9E-05 2.0E-04
Diet 4 1.1E-05 1.5E-04 2.0E-03
Relative Risk [ ]
Diet 1 1.0012 1.01 1.1
Diet 2 1.00059 1.0048 1.05
Diet 3 1.00058 1.0049 1.05
Diet 4 1.0039 1.034 1.4
Probability of Causation [%]

Diet 1 0.125 1.03 9.5
Diet 2 0.059 0.48 4.8
Diet 3 0.058 0.49 4.7
Diet 4 0.386 3.29 28.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Rockford
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.26 13 7.5
Commercia Milk (locally produced) 0.059 0.37 25
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.6 4.2 27
Beef (locally produced) 0.00071 0.011 0.23
Leafy Vegetables (locally produced) 0.0002 0.002 0.017
Eggs (localy produced) 0.015 0.11 0.68
Cottage Cheese (locally produced) 0.00041 0.0045 0.048
Inhalation 0.015 0.048 0.18
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.31 15 8.5
Diet 2 0.12 0.58 3.2
Diet 3 0.11 0.53 3.2

ExcessLifetimeRisk [ ]
Diet 1 3.6E-07 1.2E-05 2.7E-04
Diet 2 1.7E-07 5.0E-06 1.2E-04
Diet 3 1.8E-07 4.9E-06 1.2E-04
Diet 4 1.1E-06 3.1E-05 8.5E-04
Relative Risk [ ]
Diet 1 1.00035 1.0079 1.16
Diet 2 1.00018 1.0036 1.063
Diet 3 1.00017 1.0031 1.066
Diet 4 1.00098 1.025 1.47
Probability of Causation [%]

Diet 1 0.035 0.79 13.7
Diet 2 0.018 0.35 6.0
Diet 3 0.017 0.31 6.2
Diet 4 0.098 241 31.7

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-242



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Lake City
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.11 0.69 35
Commercia Milk (locally produced) 0.034 0.2 12
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.34 2.2 14
Beef (locally produced) 0.00029 0.005 0.11
Leafy Vegetables (locally produced) 0.00012 0.0013 0.011
Eggs (localy produced) 0.008 0.052 0.32
Cottage Cheese (locally produced) 0.00026 0.0027 0.028
Inhalation 0.0071 0.025 0.092
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.14 0.8 4
Diet 2 0.062 0.3 1.7
Diet 3 0.087 0.45 2.7

ExcessLifetimeRisk [ ]
Diet 1 2.0E-06 2.5E-05 3.2E-04
Diet 2 1.1E-06 1.2E-05 1.3E-04
Diet 3 1.5E-06 1.8E-05 1.9E-04
Diet 4 6.5E-06 8.7E-05 1.3E-03
Relative Risk [ ]
Diet 1 1.00074 1.0066 1.068
Diet 2 1.00033 1.003 1.034
Diet 3 1.00054 1.0047 1.048
Diet 4 1.0024 1.021 124
Probability of Causation [%]

Diet 1 0.074 0.66 6.3
Diet 2 0.033 0.30 3.3
Diet 3 0.054 0.47 4.6
Diet 4 0.244 2.05 19.1

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-243
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Lake City
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.15 0.8 4.3
Commercia Milk (locally produced) 0.038 0.22 15
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 0.4 2.6 17
Beef (locally produced) 0.00043 0.007 0.16
Leafy Vegetables (locally produced) 0.00012 0.0013 0.01
Eggs (localy produced) 0.0087 0.062 041
Cottage Cheese (locally produced) 0.00028 0.0027 0.029
Inhalation 0.0076 0.027 0.097
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.18 0.92 4.8
Diet 2 0.069 0.34 2
Diet 3 0.094 0.51 31

ExcessLifetimeRisk [ ]
Diet 1 2.1E-07 6.8E-06 1.7E-04
Diet 2 1.0E-07 3.1E-06 7.3E-05
Diet 3 1.7E-07 4.7E-06 1.2E-04
Diet 4 7.1E-07 2.0E-05 5.3E-04
Relative Risk [ ]
Diet 1 1.0002 1.0047 1.096
Diet 2 1.000094 1.0021 1.039
Diet 3 1.00017 1.0031 1.064
Diet 4 1.00056 1.014 13
Probability of Causation [%]

Diet 1 0.020 0.47 8.7
Diet 2 0.009 0.21 3.7
Diet 3 0.016 0.31 6.0
Diet 4 0.056 1.40 23.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-244
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Sweetwater
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.13 0.88 4.9
Commercia Milk (locally produced) 0.038 0.26 1.6
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.34 25 20
Beef (locally produced) 0.00036 0.0061 0.11
Leafy Vegetables (locally produced) 0.00015 0.0015 0.013
Eggs (localy produced) 0.01 0.066 0.42
Cottage Cheese (locally produced) 0.00032 0.0034 0.034
Inhalation 0.01 0.036 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.17 1 5.6
Diet 2 0.071 04 21
Diet 3 0.093 0.47 2.8

ExcessLifetimeRisk [ ]
Diet 1 2.6E-06 3.2E-05 4.1E-04
Diet 2 1.3E-06 1.4E-05 1.6E-04
Diet 3 1.5E-06 1.9E-05 1.9E-04
Diet 4 7.4E-06 1.1E-04 1.5E-03
Relative Risk [ ]
Diet 1 1.001 1.0077 1.08
Diet 2 1.00046 1.0037 1.04
Diet 3 1.00056 1.0048 1.049
Diet 4 1.0027 1.026 1.31
Probability of Causation [%]

Diet 1 0.103 0.76 1.4
Diet 2 0.046 0.37 3.8
Diet 3 0.056 0.48 4.7
Diet 4 0.267 2.52 23.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-245
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Sweetwater
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.17 1 51
Commercia Milk (locally produced) 0.045 0.29 1.8
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 0.37 3.1 23
Beef (locally produced) 0.00053 0.0085 0.16
Leafy Vegetables (locally produced) 0.00014 0.0016 0.013
Eggs (localy produced) 0.012 0.079 0.54
Cottage Cheese (locally produced) 0.00033 0.0034 0.032
Inhalation 0.01 0.039 0.14
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.21 1.2 5.8
Diet 2 0.084 0.44 2.3
Diet 3 0.097 0.52 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.7E-07 8.7E-06 1.9E-04
Diet 2 1.1E-07 3.8E-06 8.7E-05
Diet 3 1.8E-07 4.8E-06 1.2E-04
Diet 4 8.3E-07 2.3E-05 7.3E-04
Relative Risk [ ]
Diet 1 1.00025 1.006 111
Diet 2 1.00012 1.0026 1.047
Diet 3 1.00017 1.0031 1.064
Diet 4 1.00079 1.018 131
Probability of Causation [%]

Diet 1 0.025 0.60 9.8
Diet 2 0.012 0.26 4.5
Diet 3 0.017 0.31 6.1
Diet 4 0.078 1.75 23.8

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-246
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Knoxville
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.24 15 8.4
Commercia Milk (locally produced) 0.069 0.43 2.6
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.69 4.5 28
Beef (locally produced) 0.00061 0.01 0.2
Leafy Vegetables (locally produced) 0.00027 0.0026 0.022
Eggs (localy produced) 0.016 0.11 0.76
Cottage Cheese (locally produced) 0.00057 0.0055 0.059
Inhalation 0.017 0.056 0.21
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.3 1.7 9.7
Diet 2 0.13 0.66 35
Diet 3 0.1 0.49 2.8

ExcessLifetimeRisk [ ]
Diet 1 4.1E-06 5.5E-05 6.7E-04
Diet 2 2.0E-06 2.4E-05 2.8E-04
Diet 3 1.7E-06 1.9E-05 2.0E-04
Diet 4 1.3E-05 1.8E-04 2.5E-03
Relative Risk [ ]
Diet 1 1.0016 1.014 1.13
Diet 2 1.00074 1.0062 1.061
Diet 3 1.00061 1.005 1.05
Diet 4 1.0049 1.043 1.49
Probability of Causation [%]

Diet 1 0.163 1.34 11.6
Diet 2 0.074 0.62 5.7
Diet 3 0.061 0.50 4.8
Diet 4 0.486 4.13 32.8

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-247
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Knoxville
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.31 1.7 9.1
Commercia Milk (locally produced) 0.076 0.48 3.2
Commercia Milk (regionaly mixed) 0.078 0.47 3.1
Goat Milk (locally produced) 0.8 5.3 35
Beef (locally produced) 0.0009 0.014 0.3
Leafy Vegetables (locally produced) 0.00026 0.0025 0.021
Eggs (localy produced) 0.019 0.13 0.9
Cottage Cheese (locally produced) 0.00058 0.0055 0.06
Inhalation 0.017 0.061 0.22
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.37 1.9 10
Diet 2 0.15 0.74 4.1
Diet 3 0.11 0.54 3.3

ExcessLifetimeRisk [ ]
Diet 1 4.6E-07 1.5E-05 3.3E-04
Diet 2 2.1E-07 6.5E-06 1.5E-04
Diet 3 1.8E-07 5.0E-06 1.2E-04
Diet 4 1.4E-06 4.0E-05 1.1E-03
Relative Risk [ ]
Diet 1 1.00042 1.0096 1.2
Diet 2 1.00023 1.0044 1.081
Diet 3 1.00018 1.0032 1.067
Diet 4 1.0013 1.031 1.59
Probability of Causation [%]

Diet 1 0.042 0.95 16.4
Diet 2 0.023 0.44 7.5
Diet 3 0.018 0.32 6.2
Diet 4 0.132 297 37.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-248



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT

Appendix 11-C July 1999

L ocation: Maryville
Receptor: Female born in 1935
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.12 0.71 4.3
Commercia Milk (locally produced) 0.03 0.21 12
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.3 2.2 14
Beef (locally produced) 0.00033 0.005 0.1
Leafy Vegetables (locally produced) 0.00011 0.0012 0.01
Eggs (localy produced) 0.0079 0.054 0.38
Cottage Cheese (locally produced) 0.00027 0.0027 0.029
Inhalation 0.0087 0.03 0.12

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.15 0.82 4.7
Diet 2 0.061 0.33 1.7
Diet 3 0.088 0.46 2.7

ExcessLifetimeRisk [ ]

Diet 1 2.2E-06 2.8E-05 3.2E-04
Diet 2 1.1E-06 1.2E-05 1.4E-04
Diet 3 1.5E-06 1.8E-05 1.9e-04
Diet 4 6.4E-06 8.8E-05 1.2E-03

Relative Risk [ ]

Diet 1 1.00074 1.0067 1.067
Diet 2 1.00034 1.0029 1.031
Diet 3 1.00055 1.0048 1.049
Diet 4 1.0025 1.022 1.26

Probability of Causation [%]

Diet 1 0.074 0.67 6.2
Diet 2 0.034 0.29 3.0
Diet 3 0.055 0.47 4.7
Diet 4 0.247 211 20.9

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-249
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Maryville
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.15 0.81 4.7
Commercia Milk (locally produced) 0.035 0.23 14
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.36 2.6 17
Beef (locally produced) 0.00048 0.0071 0.15
Leafy Vegetables (locally produced) 0.00011 0.0012 0.011
Eggs (localy produced) 0.0088 0.067 0.44
Cottage Cheese (locally produced) 0.00024 0.0028 0.028
Inhalation 0.0088 0.033 0.13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.19 0.93 51
Diet 2 0.07 0.36 2
Diet 3 0.095 0.51 3.2

ExcessLifetimeRisk [ ]
Diet 1 2.3E-07 6.8E-06 1.7E-04
Diet 2 1.0E-07 3.2E-06 6.9E-05
Diet 3 1.8E-07 4.8E-06 1.2E-04
Diet 4 7.7E-07 2.0E-05 5.8E-04
Relative Risk [ ]
Diet 1 1.00022 1.0048 1.1
Diet 2 1.00011 1.0022 1.04
Diet 3 1.00017 1.0031 1.065
Diet 4 1.00066 1.014 1.3
Probability of Causation [%]

Diet 1 0.022 0.48 9.2
Diet 2 0.011 0.22 3.8
Diet 3 0.017 0.31 6.1
Diet 4 0.066 1.39 23.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-250
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Cedar Grove
Receptor: Female born in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.23 13 7.6
Commercia Milk (locally produced) 0.063 0.38 2.3
Commercia Milk (regionally mixed) 0.071 0.43 2.6
Goat Milk (locally produced) 0.67 4.1 25
Beef (locally produced) 0.00055 0.0094 0.19
Leafy Vegetables (locally produced) 0.00023 0.0024 0.02
Eggs (localy produced) 0.016 0.1 0.64
Cottage Cheese (locally produced) 0.00049 0.005 0.051
Inhalation 0.015 0.049 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.28 15 8.7
Diet 2 0.13 0.59 31
Diet 3 0.1 0.48 2.8

ExcessLifetimeRisk [ ]
Diet 1 3.9E-06 5.0E-05 6.1E-04
Diet 2 2.1E-06 2.2E-05 2.6E-04
Diet 3 1.7E-06 1.9E-05 2.0E-04
Diet 4 1.2E-05 1.7E-04 2.4E-03
Relative Risk [ ]
Diet 1 1.0014 1.012 112
Diet 2 1.00067 1.0057 1.058
Diet 3 1.00059 1.0049 1.05
Diet 4 1.0047 1.039 145
Probability of Causation [%]

Diet 1 0.144 1.18 10.6
Diet 2 0.067 0.57 55
Diet 3 0.058 0.49 4.7
Diet 4 0.470 3.79 31.2

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-251
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Cedar Grove
Receptor: Maleborn in 1935
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.31 15 8.6
Commercia Milk (locally produced) 0.069 0.42 2.9
Commercia Milk (regionally mixed) 0.078 0.47 3
Goat Milk (locally produced) 0.74 4.9 32
Beef (locally produced) 0.00082 0.013 0.27
Leafy Vegetables (locally produced) 0.00023 0.0023 0.02
Eggs (localy produced) 0.018 0.12 0.79
Cottage Cheese (locally produced) 0.0005 0.0051 0.052
Inhalation 0.016 0.053 0.19
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.35 1.7 9.7
Diet 2 0.14 0.66 3.7
Diet 3 0.11 0.54 3.2

ExcessLifetimeRisk [ ]
Diet 1 4.2E-07 1.3E-05 3.1E-04
Diet 2 1.9E-07 5.7E-06 1.3E-04
Diet 3 1.8E-07 5.0E-06 1.2E-04
Diet 4 1.3E-06 3.5E-05 9.3E-04
Relative Risk [ ]
Diet 1 1.00039 1.0091 1.18
Diet 2 1.0002 1.004 1.071
Diet 3 1.00018 1.0032 1.066
Diet 4 1.0012 1.028 155
Probability of Causation [%]

Diet 1 0.039 0.90 15.3
Diet 2 0.020 0.40 6.6
Diet 3 0.018 0.32 6.2
Diet 4 0.118 2.73 35.3

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-252
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| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Bradbury
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 3.1 17 110
Commercia Milk (locally produced) 0.82 5.8 40
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 7 57 360
Beef (locally produced) 0.0059 0.097 2
Leafy Vegetables (locally produced) 0.0021 0.025 0.21
Eggs (localy produced) 0.16 1.3 8.8
Cottage Cheese (locally produced) 0.0046 0.049 0.53
Inhalation 0.11 0.38 13
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 35 19 120
Diet 2 1.4 7.9 49
Diet 3 0.3 1.2 6.1
ExcessLifetimeRisk [ ]
Diet 1 1.2E-04 2.0E-03 2.3E-02
Diet 2 5.7E-05 7.5E-04 9.6E-03
Diet 3 1.2E-05 1.1E-04 1.1E-03
Diet 4 3.8E-04 5.3E-03 6.1E-02
Relative Risk [ ]
Diet 1 1.048 1.44 6.1
Diet 2 1.02 1.19 34
Diet 3 1.0034 1.028 1.28
Diet 4 1.13 2.2 18
Probability of Causation [%]

Diet 1 4.54 30.4 83
Diet 2 2.01 15.9 71
Diet 3 0.34 2.8 22
Diet 4 11.62 54.9 94

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-253



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: Bradbury
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 3.1 18 110
Commercia Milk (locally produced) 0.88 5.9 39
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 7.7 58 380
Beef (locally produced) 0.0069 0.12 2.4
Leafy Vegetables (locally produced) 0.0021 0.024 0.21
Eggs (localy produced) 0.2 15 10
Cottage Cheese (locally produced) 0.0046 0.049 0.53
Inhalation 0.11 0.39 14

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 35 20 130
Diet 2 1.4 8.6 51
Diet 3 0.29 1.3 6.2

ExcessLifetimeRisk [ ]

Diet 1 1.5E-05 4.8E-04 1.1E-02
Diet 2 6.3E-06 2.1E-04 4.7E-03
Diet 3 1.1E-06 2.9E-05 6.0E-04
Diet 4 3.7E-05 1.2E-03 3.1E-02

Relative Risk [ ]

Diet 1 1.015 131 7.8
Diet 2 1.0066 1.13 3.9
Diet 3 1.0011 1.017 1.37
Diet 4 1.041 1.83 20

Probability of Causation [%]

Diet 1 1.46 23.9 87
Diet 2 0.66 11.6 74
Diet 3 0.11 1.7 27
Diet 4 3.92 45.3 95

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-254



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: Gallaher Bend
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 3.3 21 120
Commercia Milk (locally produced) 1.2 7.1 46
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 8.1 68 440
Beef (locally produced) 0.0069 0.12 2.6
Leafy Vegetables (locally produced) 0.0026 0.031 0.27
Eggs (localy produced) 0.22 1.6 11
Cottage Cheese (locally produced) 0.0061 0.062 0.6
Inhalation 0.13 0.46 1.7

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 4 24 140
Diet 2 1.7 9.9 55
Diet 3 0.33 1.3 6.4

ExcessLifetimeRisk [ ]

Diet 1 1.5E-04 2.4E-03 2.8E-02
Diet 2 6.6E-05 8.9E-04 1.2E-02
Diet 3 1.3E-05 1.2E-04 1.1E-03
Diet 4 4.2E-04 6.4E-03 8.1E-02

Relative Risk [ ]

Diet 1 1.056 1.55 7.4
Diet 2 1.024 1.24 3.8
Diet 3 1.0038 1.03 1.3
Diet 4 1.16 2.6 21

Probability of Causation [%]

Diet 1 5.29 35.6 86
Diet 2 2.35 19.3 74
Diet 3 0.38 3.0 23
Diet 4 13.62 61.0 95

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-255



1| Releases from X-10 Radioactive Lanthanum Processing TASK 1 REPORT
Appendix 11-C July 1999

L ocation: Gallaher Bend
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 3.9 22 130
Commercia Milk (locally produced) 1.2 7.3 43
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 8.5 72 470
Beef (locally produced) 0.0081 0.14 3.1
Leafy Vegetables (locally produced) 0.0028 0.03 0.25
Eggs (localy produced) 0.28 1.8 12
Cottage Cheese (locally produced) 0.0066 0.061 0.62
Inhalation 0.13 0.49 1.6

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 4.6 24 150
Diet 2 1.8 11 56
Diet 3 0.31 1.4 6.5

ExcessLifetimeRisk [ ]

Diet 1 1.9E-05 5.9E-04 1.2E-02
Diet 2 7.7E-06 2.5E-04 5.6E-03
Diet 3 1.2E-06 3.3E-05 6.4E-04
Diet 4 4.8E-05 1.4E-03 4.3E-02

Relative Risk [ ]

Diet 1 1.018 1.38 9.9
Diet 2 1.0074 1.16 4.3
Diet 3 1.0011 1.019 1.39
Diet 4 1.041 2 23

Probability of Causation [%]

Diet 1 1.78 27.4 90
Diet 2 0.73 13.8 77
Diet 3 0.11 1.9 28
Diet 4 3.89 50.7 96

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: EFPC
Receptor: Female born in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.74 4.5 27
Commercia Milk (locally produced) 0.21 15 10
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0015 0.025 0.54
Leafy Vegetables (locally produced) 0.00055 0.0064 0.055
Eggs (localy produced) 0.042 0.32 2.4
Cottage Cheese (locally produced) 0.0012 0.013 0.14
Inhalation 0.028 0.1 0.36
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.86 5 30
Diet 2 0.35 21 13
Diet 3 0.18 0.88 51

ExcessLifetimeRisk [ ]
Diet 1 3.3E-05 5.0E-04 6.1E-03
Diet 2 1.6E-05 1.9E-04 2.4E-03
Diet 3 7.7E-06 8.4E-05 1.0E-03
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.012 1.12 2.3
Diet 2 1.0052 1.05 1.62
Diet 3 1.0025 1.022 1.25
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 1.18 10.2 55
Diet 2 0.52 4.8 37
Diet 3 0.25 21 20
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: EFPC
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.8 4.6 30
Commercia Milk (locally produced) 0.23 15 10
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0018 0.03 0.67
Leafy Vegetables (locally produced) 0.00055 0.0062 0.054
Eggs (localy produced) 0.052 0.38 2.7
Cottage Cheese (locally produced) 0.0012 0.013 0.15
Inhalation 0.026 0.11 0.38

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 0.91 5.3 34
Diet 2 0.36 2.2 13
Diet 3 0.18 0.93 5.1

ExcessLifetimeRisk [ ]

Diet 1 3.6E-06 1.3E-04 2.7E-03
Diet 2 1.7E-06 5.5E-05 1.2E-03
Diet 3 7.8E-07 2.1E-05 5.0E-04
Diet 4 - - -

Relative Risk [ ]

Diet 1 1.0036 1.08 2.9
Diet 2 1.0017 1.033 1.85
Diet 3 1.00072 1.013 1.32
Diet 4 - - -

Probability of Causation [%]

Diet 1 0.36 74 64
Diet 2 0.17 3.2 45
Diet 3 0.07 1.3 25
Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-258



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
L ocation: Hope Creek
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2 12 71
Commercia Milk (locally produced) 0.62 3.9 28
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0038 0.069 15
Leafy Vegetables (locally produced) 0.0017 0.017 0.16
Eggs (localy produced) 0.12 0.89 6.1
Cottage Cheese (locally produced) 0.0035 0.034 0.4
Inhalation 0.076 0.28 0.99
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.3 14 81
Diet 2 0.95 54 35
Diet 3 0.25 11 5.7
ExcessLifetimeRisk [ ]
Diet 1 8.4E-05 1.3E-03 1.7E-02
Diet 2 4.3E-05 5.2E-04 6.5E-03
Diet 3 1.0E-05 1.0E-04 1.1E-03
Diet 4 -- -- --
Relative Risk [ ]
Diet 1 1.035 1.31 4.4
Diet 2 1.014 1.13 2.6
Diet 3 1.0031 1.026 1.27
Diet 4 -- -- --
Probability of Causation [%]

Diet 1 3.40 23.7 77
Diet 2 1.38 11.8 62
Diet 3 0.31 25 21
Diet 4 -- -- --

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways
Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hope Creek
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2.2 12 8l
Commercia Milk (locally produced) 0.6 4.1 28
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) 0.0046 0.081 19
Leafy Vegetables (locally produced) 0.0016 0.017 0.15
Eggs (localy produced) 0.15 1 6.8
Cottage Cheese (locally produced) 0.0033 0.034 0.4
Inhalation 0.076 0.28 0.97

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 2.6 14 91
Diet 2 1 5.9 35
Diet 3 0.25 1.1 5.6

ExcessLifetimeRisk [ ]

Diet 1 9.4E-06 3.3E-04 7.4E-03
Diet 2 4.2E-06 1.4E-04 3.4E-03
Diet 3 1.0E-06 2.7E-05 5.7E-04
Diet 4 - - -

Relative Risk [ ]

Diet 1 1.011 1.22 5.6
Diet 2 1.0042 1.092 3.1
Diet 3 1.00092 1.016 1.35
Diet 4 - - -

Probability of Causation [%]

Diet 1 1.09 18.1 82
Diet 2 0.42 8.4 67
Diet 3 0.09 1.6 26
Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Buttermilk Rd.
Receptor: Female born in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 19 12 69
Commercia Milk (locally produced) 0.62 3.9 28
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 4.6 38 250
Beef (locally produced) 0.0038 0.068 14
Leafy Vegetables (locally produced) 0.0016 0.017 0.15
Eggs (localy produced) 0.12 0.89 6
Cottage Cheese (locally produced) 0.0034 0.034 0.39
Inhalation 0.079 0.28 1
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.2 13 78
Diet 2 0.94 54 35
Diet 3 0.26 1.1 5.8

ExcessLifetimeRisk [ ]
Diet 1 7.9E-05 1.3E-03 1.6E-02
Diet 2 4.2E-05 5.1E-04 6.0E-03
Diet 3 1.0E-05 1.0E-04 1.1E-03
Diet 4 2.5E-04 3.6E-03 4.5E-02
Relative Risk [ ]
Diet 1 1.035 1.31 4.3
Diet 2 1.014 1.14 2.6
Diet 3 1.0031 1.026 1.27
Diet 4 1.089 1.89 12
Probability of Causation [%]

Diet 1 3.34 23.6 76
Diet 2 1.34 11.9 60
Diet 3 0.31 25 21
Diet 4 8.17 46.8 91

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Buttermilk Rd.
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2.2 12 8l
Commercia Milk (locally produced) 0.6 4.1 27
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 5.3 40 280
Beef (locally produced) 0.0045 0.081 17
Leafy Vegetables (locally produced) 0.0016 0.017 0.14
Eggs (localy produced) 0.15 1 6.6
Cottage Cheese (locally produced) 0.0032 0.034 0.37
Inhalation 0.076 0.27 1

Mother's milk (mother on Diet 1) -- -- -
Prenatal exposure (mother on Diet 1) -- -- -

Diet 1 25 14 90
Diet 2 1 5.8 34
Diet 3 0.25 1.1 5.7

ExcessLifetimeRisk [ ]

Diet 1 9.1E-06 3.3E-04 6.9E-03
Diet 2 4.0E-06 1.4E-04 3.3E-03
Diet 3 1.0E-06 2.7E-05 5.6E-04
Diet 4 2.7E-05 8.1E-04 2.0E-02

Relative Risk [ ]

Diet 1 1.011 1.22 5.4
Diet 2 1.0042 1.088 3
Diet 3 1.00092 1.016 1.35
Diet 4 1.027 1.58 14

Probability of Causation [%]

Diet 1 1.07 17.8 81
Diet 2 0.42 8.1 66
Diet 3 0.09 1.6 26
Diet 4 2.62 36.4 93

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Jonesville
Receptor: Female born in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.27 1.6 11
Commercia Milk (locally produced) 0.078 0.57 4.3
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 0.66 54 45
Beef (locally produced) 0.00054 0.0098 0.21
Leafy Vegetables (locally produced) 0.0002 0.0025 0.023
Eggs (localy produced) 0.016 0.12 0.95
Cottage Cheese (locally produced) 0.00043 0.0048 0.064
Inhalation 0.011 0.041 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.32 1.8 12
Diet 2 0.13 0.78 5.6
Diet 3 0.15 0.81 5

ExcessLifetimeRisk [ ]
Diet 1 1.2E-05 1.8E-04 2.8E-03
Diet 2 6.2E-06 7.7E-05 9.7E-04
Diet 3 6.6E-06 7.7E-05 9.8E-04
Diet 4 3.3E-05 5.0E-04 6.5E-03
Relative Risk [ ]
Diet 1 1.0043 1.044 1.59
Diet 2 1.0019 1.018 1.25
Diet 3 1.0023 1.02 1.24
Diet 4 1.011 1.12 3
Probability of Causation [%]

Diet 1 0.43 4.2 37
Diet 2 0.19 1.8 20
Diet 3 0.23 2.0 19
Diet 4 1.10 111 66

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Jonesville
Receptor: Maleborn in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.28 1.7 11
Commercia Milk (locally produced) 0.084 0.58 4.4
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 0.7 5.7 438
Beef (locally produced) 0.00061 0.012 0.24
Leafy Vegetables (locally produced) 0.00021 0.0025 0.023
Eggs (localy produced) 0.019 0.14 11
Cottage Cheese (locally produced) 0.00045 0.0049 0.062
Inhalation 0.012 0.042 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.34 1.9 13
Diet 2 0.14 0.83 5.6
Diet 3 0.15 0.85 4.9

ExcessLifetimeRisk [ ]
Diet 1 1.2E-06 4.6E-05 1.1E-03
Diet 2 6.8E-07 2.0E-05 4.9E-04
Diet 3 7.1E-07 2.0E-05 4.8E-04
Diet 4 3.6E-06 1.2E-04 3.3E-03
Relative Risk [ ]
Diet 1 1.0012 1.032 1.7
Diet 2 1.0006 1.013 1.31
Diet 3 1.00065 1.013 1.32
Diet 4 1.0034 1.086 3
Probability of Causation [%]

Diet 1 0.12 3.1 41
Diet 2 0.06 1.3 24
Diet 3 0.07 1.3 24
Diet 4 0.34 7.9 67

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR Scarboro
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0024 0.026 0.28
Inhalation 0.057 0.2 0.75
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.23 0.99 55

ExcessLifetimeRisk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 9.3E-06 9.3E-05 1.1E-03
Diet 4 - - -

Relative Risk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 1.0029 1.024 1.26
Diet 4 - - -

Probability of Causation [%]
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.29 24 21

Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR Scarboro
Receptor: Maleborn in 1940

Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit

Backyard Cow Milk -- -- -
Commercial Milk (locally produced) -- -- -
Commercia Milk (regionaly mixed) 0.12 0.79 4.9
Goat Milk (locally produced) -- - -
Beef (locally produced) - - -

Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0025 0.025 0.27
Inhalation 0.056 0.21 0.73

Mother's milk (mother on Diet 3) -- -- -

Prenat
Diet 1
Diet 2
Diet 3

al exposure (mother on Diet 3) -- -- -

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

9.0E-07 2.4E-05 5.4E-04

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.08 1.5 26

Diet 1 -
Diet 2 -
Diet 3-
Diet 4 -

Backyard cow milk + al other locally produced non-milk exposure pathways

Locally produced commercial milk + al other locally produced non-milk exposure pathways

Regionally mixed commercia milk + inhalation (other regionally mixed food items are minor contributors to the total)
Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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Location: Lawnville/Gallaher
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 19 11 58
Commercia Milk (locally produced) 0.63 3.6 27
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 4.7 36 240
Beef (locally produced) 0.0036 0.066 1.3
Leafy Vegetables (locally produced) 0.0016 0.017 0.13
Eggs (localy produced) 0.12 0.83 5.7
Cottage Cheese (locally produced) 0.0032 0.032 0.33
Inhalation 0.079 0.27 0.98
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 2.3 13 65
Diet 2 0.97 52 34
Diet 3 0.26 1.1 5.7
ExcessLifetimeRisk [ ]
Diet 1 8.1E-05 1.2E-03 1.7E-02
Diet 2 4.2E-05 4.8E-04 5.8E-03
Diet 3 1.0E-05 9.8E-05 1.1E-03
Diet 4 2.5E-04 3.4E-03 4.4E-02
Relative Risk [ ]
Diet 1 1.034 1.29 4.4
Diet 2 1.013 1.13 25
Diet 3 1.0031 1.026 1.27
Diet 4 1.087 1.84 12
Probability of Causation [%]

Diet 1 331 22.7 77
Diet 2 1.33 114 60
Diet 3 0.31 25 21
Diet 4 8.04 45.5 91

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-267



131

| Releases from X-10 Radioactive Lanthanum Processing

TASK 1 REPORT

Appendix 11-C July 1999
Location: Lawnville/Gallaher
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 2.2 12 66
Commercia Milk (locally produced) 0.61 3.8 26
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 4.9 39 240
Beef (locally produced) 0.0044 0.079 1.6
Leafy Vegetables (locally produced) 0.0017 0.016 0.13
Eggs (localy produced) 0.16 0.94 6.3
Cottage Cheese (locally produced) 0.0033 0.033 0.35
Inhalation 0.075 0.26 1
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 25 13 75
Diet 2 1 55 33
Diet 3 0.25 1.1 5.6
ExcessLifetimeRisk [ ]
Diet 1 9.2E-06 3.0E-04 6.9E-03
Diet 2 3.6E-06 1.3E-04 3.0E-03
Diet 3 9.5E-07 2.7E-05 5.7E-04
Diet 4 2.6E-05 7.8E-04 2.0E-02
Relative Risk [ ]
Diet 1 1.0087 1.2 53
Diet 2 1.0041 1.08 2.9
Diet 3 1.0009 1.016 1.35
Diet 4 1.027 1.56 14
Probability of Causation [%]
Diet 1 0.86 16.8 81
Diet 2 0.41 7.4 66
Diet 3 0.09 1.6 26
Diet 4 2.61 35.7 93

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Dyllis
Receptor: Female born in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.39 2.2 14
Commercia Milk (locally produced) 0.12 0.76 59
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 1 7.6 55
Beef (locally produced) 0.00082 0.013 0.27
Leafy Vegetables (locally produced) 0.00029 0.0034 0.031
Eggs (localy produced) 0.022 0.17 14
Cottage Cheese (locally produced) 0.00064 0.0066 0.081
Inhalation 0.015 0.056 0.24
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.44 25 16
Diet 2 0.19 1.1 7.4
Diet 3 0.16 0.83 5

ExcessLifetimeRisk [ ]
Diet 1 1.6E-05 2.6E-04 3.3E-03
Diet 2 7.3E-06 1.1E-04 1.3E-03
Diet 3 6.7E-06 7.8E-05 9.9E-04
Diet 4 5.1E-05 7.5E-04 8.7E-03
Relative Risk [ ]
Diet 1 1.0062 1.058 1.78
Diet 2 1.003 1.025 1.4
Diet 3 1.0023 1.021 1.24
Diet 4 1.018 1.16 34
Probability of Causation [%]

Diet 1 0.62 54 44
Diet 2 0.30 24 28
Diet 3 0.23 2.0 19
Diet 4 1.80 13.9 70

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)

11C-269
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L ocation: Dyllis
Receptor: Maleborn in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.38 2.3 14
Commercia Milk (locally produced) 0.13 0.8 5.8
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 0.97 7.9 63
Beef (locally produced) 0.00099 0.015 0.31
Leafy Vegetables (locally produced) 0.00029 0.0033 0.031
Eggs (localy produced) 0.026 0.2 15
Cottage Cheese (locally produced) 0.00067 0.0067 0.085
Inhalation 0.015 0.059 0.22
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.45 2.6 16
Diet 2 0.21 1.1 7.7
Diet 3 0.15 0.86 5

ExcessLifetimeRisk [ ]
Diet 1 1.7E-06 6.4E-05 1.4E-03
Diet 2 8.3E-07 2.8E-05 6.5E-04
Diet 3 7.4E-07 2.1E-05 4.9E-04
Diet 4 5.1E-06 1.5E-04 4.2E-03
Relative Risk [ ]
Diet 1 1.0019 1.041 21
Diet 2 1.00077 1.018 1.43
Diet 3 1.00066 1.013 1.32
Diet 4 1.005 1.12 3.6
Probability of Causation [%]

Diet 1 0.19 3.9 51
Diet 2 0.08 1.8 30
Diet 3 0.07 1.3 24
Diet 4 0.50 10.5 72

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR High School Area
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- -
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0014 0.015 0.15
Inhalation 0.034 0.12 0.46
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- - --
Diet 2 -- - --
Diet 3 0.2 0.9 52

ExcessLifetimeRisk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 8.2E-06 8.6E-05 1.0E-03
Diet 4 - - -

Relative Risk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 1.0025 1.022 1.25
Diet 4 - - -

Probability of Causation [%]
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.25 2.2 20

Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: OR High School Area
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- -
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0016 0.014 0.15
Inhalation 0.035 0.12 0.44
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- - --
Diet 2 -- - --
Diet 3 0.19 0.95 51

ExcessLifetimeRisk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 8.1E-07 2.2E-05 5.0E-04
Diet 4 - - -

Relative Risk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 1.00074 1.014 1.33
Diet 4 - - -

Diet 1 - - -
Diet 2 - - -
Diet 3 0.07 1.4 25

Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Norwood
Receptor: Female born in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.35 2.1 15
Commercia Milk (locally produced) 0.11 0.73 5.6
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 0.88 7.1 52
Beef (locally produced) 0.00071 0.013 0.29
Leafy Vegetables (locally produced) 0.00031 0.0032 0.029
Eggs (localy produced) 0.02 0.16 12
Cottage Cheese (locally produced) 0.00058 0.0064 0.078
Inhalation 0.014 0.054 0.21
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.41 2.3 16
Diet 2 0.17 1 7.2
Diet 3 0.16 0.82 5

ExcessLifetimeRisk [ ]
Diet 1 1.5E-05 2.5E-04 3.4E-03
Diet 2 7.6E-06 9.9E-05 1.4E-03
Diet 3 6.7E-06 7.9E-05 9.9E-04
Diet 4 4.5E-05 6.7E-04 8.9E-03
Relative Risk [ ]
Diet 1 1.0059 1.055 1.61
Diet 2 1.0026 1.024 1.31
Diet 3 1.0022 1.02 1.24
Diet 4 1.017 1.15 31
Probability of Causation [%]

Diet 1 0.59 5.2 38
Diet 2 0.26 2.3 24
Diet 3 0.22 2.0 19
Diet 4 1.70 13.3 67

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Norwood
Receptor: Maleborn in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.36 2.2 16
Commercia Milk (locally produced) 0.11 0.72 55
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 0.99 7.3 56
Beef (locally produced) 0.00084 0.015 0.35
Leafy Vegetables (locally produced) 0.00032 0.0031 0.029
Eggs (localy produced) 0.024 0.18 14
Cottage Cheese (locally produced) 0.00057 0.0064 0.079
Inhalation 0.014 0.04 0.21
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.42 2.6 18
Diet 2 0.18 1.1 7.2
Diet 3 0.16 0.86 5

ExcessLifetimeRisk [ ]
Diet 1 1.6E-06 5.8E-05 1.3E-03
Diet 2 7.9E-07 2.5E-05 6.4E-04
Diet 3 7.2E-07 2.0E-05 4.8E-04
Diet 4 4.9E-06 1.5E-04 4.0E-03
Relative Risk [ ]
Diet 1 1.0018 1.039 1.93
Diet 2 1.00077 1.017 1.41
Diet 3 1.00065 1.013 1.32
Diet 4 1.0045 1.11 4.2
Probability of Causation [%]

Diet 1 0.18 3.8 48
Diet 2 0.08 1.6 29
Diet 3 0.07 1.3 24
Diet 4 0.45 10.1 76

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways
Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Woodland
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk -- -- --
Commercia Milk (locally produced) -- -- --
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) -- -- --
Beef (locally produced) -- -- --
Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0021 0.022 0.22
Inhalation 0.053 0.18 0.66
Mother's milk (mother on Diet 3) -- -- --
Prenatal exposure (mother on Diet 3) -- -- --
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.22 0.97 54

ExcessLifetimeRisk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 9.0E-06 9.1E-05 1.0E-03
Diet 4 - - -

Relative Risk [ ]
Diet 1 - - -
Diet 2 -- -- --
Diet 3 1.0028 1.024 1.26
Diet 4 - - -

Probability of Causation [%]
Diet 1 -- -- -
Diet 2 -- -- -
Diet 3 0.28 2.3 21

Diet 4 - - -

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Woodland
Receptor: Maleborn in 1940

Thyroid Dose [cGY]
95% Subjective Confidence Interval

Exposure Pathway lower limit central estimate upper limit

Backyard Cow Milk -- -- -
Commercial Milk (locally produced) -- -- -
Commercia Milk (regionaly mixed) 0.12 0.79 4.9
Goat Milk (locally produced) -- - -
Beef (locally produced) - - -

Leafy Vegetables (locally produced) -- -- --
Eggs (localy produced) -- -- --
Cottage Cheese (locally produced) 0.0022 0.022 0.23
Inhalation 0.052 0.18 0.66

Mother's milk (mother on Diet 3) -- -- -

Prenat
Diet 1
Diet 2
Diet 3

al exposure (mother on Diet 3) -- -- -

ExcessLifetimeRisk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

8.7E-07 2.4E-05 5.2E-04

Relative Risk [ ]

Diet 1
Diet 2
Diet 3
Diet 4

1.00081 1.015 1.34

Probability of Causation [%]

Diet 1
Diet 2
Diet 3
Diet 4

0.08 1.5 25

Diet 1 -
Diet 2 -
Diet 3-
Diet 4 -

Backyard cow milk + al other locally produced non-milk exposure pathways

Locally produced commercial milk + al other locally produced non-milk exposure pathways

Regionally mixed commercia milk + inhalation (other regionally mixed food items are minor contributors to the total)
Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hardin Valley
Receptor: Female born in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 18 10 61
Commercia Milk (locally produced) 0.56 3.6 24
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 4.6 35 230
Beef (locally produced) 0.0036 0.06 12
Leafy Vegetables (locally produced) 0.0014 0.016 0.13
Eggs (localy produced) 0.11 0.77 5.7
Cottage Cheese (locally produced) 0.0031 0.031 0.32
Inhalation 0.074 0.26 1
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 21 12 70
Diet 2 0.95 5 32
Diet 3 0.26 1.1 5.7
ExcessLifetimeRisk [ ]
Diet 1 7.5E-05 1.2E-03 1.4E-02
Diet 2 3.7E-05 4.7E-04 5.9E-03
Diet 3 1.0E-05 9.9E-05 1.1E-03
Diet 4 24E-04 3.3E-03 3.8E-02
Relative Risk [ ]
Diet 1 1.031 1.28 4.2
Diet 2 1.013 1.12 25
Diet 3 1.0031 1.026 1.27
Diet 4 1.088 1.78 12
Probability of Causation [%]
Diet 1 3.04 21.8 76
Diet 2 1.32 10.4 60
Diet 3 0.31 25 21
Diet 4 8.10 43.7 91

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Hardin Valley
Receptor: Maleborn in 1940
Thyroid Dose [cGY]
95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 18 11 67
Commercia Milk (locally produced) 0.59 3.7 24
Commercia Milk (regionally mixed) 0.12 0.79 4.9
Goat Milk (locally produced) 4.9 37 250
Beef (locally produced) 0.0042 0.07 14
Leafy Vegetables (locally produced) 0.0014 0.015 0.13
Eggs (localy produced) 0.13 0.9 6.5
Cottage Cheese (locally produced) 0.0032 0.031 0.34
Inhalation 0.077 0.27 0.98
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 21 12 76
Diet 2 0.96 54 32
Diet 3 0.25 1.1 5.7
ExcessLifetimeRisk [ ]
Diet 1 8.0E-06 3.0E-04 6.0E-03
Diet 2 4.0E-06 1.2E-04 2.9E-03
Diet 3 1.0E-06 2.6E-05 5.7E-04
Diet 4 2.3E-05 7.0E-04 1.7E-02
Relative Risk [ ]
Diet 1 1.0091 1.19 52
Diet 2 1.0039 1.079 2.7
Diet 3 1.0009 1.016 1.35
Diet 4 1.023 1.53 13
Probability of Causation [%]

Diet 1 0.91 15.6 80
Diet 2 0.39 7.4 63
Diet 3 0.09 15 26
Diet 4 2.23 34.6 92

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways

Diet 2 - Locally produced commercia milk + all other locally produced non-milk exposure pathways

Diet 3 - Regionally mixed commercial milk + inhalation (other regionally mixed food items are minor contributors to the total)
Diet 4 - Goat milk (all other exposure pathways are of negligible importance compared to goat milk)
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L ocation: Oliver Springs
Receptor: Female born in 1940
Thyroid Dose [cGY]

95% Subjective Confidence Interval
Exposure Pathway lower limit central estimate upper limit
Backyard Cow Milk 0.27 1.6 10
Commercia Milk (locally produced) 0.084 0.54 4.2
Commercia Milk (regionally mixed) 0.12 0.76 4.9
Goat Milk (locally produced) 0.66 54 41
Beef (locally produced) 0.00053 0.0094 0.21
Leafy Vegetables (locally produced) 0.0002 0.0024 0.022
Eggs (localy produced) 0.016 0.12 0.91
Cottage Cheese (locally produced) 0.00046 0.0048 0.055
Inhalation 0.011 0.041 0.17
Mother's milk (mother on Diet 1) -- -- --
Prenatal exposure (mother on Diet 1) -- -- --
Diet 1 0.32 1.8 12
Diet 2 0.13 0.76 54
Diet 3 0.15 0.81 5

ExcessLifetimeRisk [ ]
Diet 1 1.2E-05 1.7E-04 2.6E-03
Diet 2 6.0E-06 7.3E-05 1.0E-03
Diet 3 6.6E-06 7.7E-05 9.8E-04
Diet 4 3.3E-05 4.9E-04 6.7E-03
Relative Risk [ ]
Diet 1 1.0043 1.043 1.55
Diet 2 1.0019 1.018 1.25
Diet 3 1.0022 1.02 1.24
Diet 4 1.013 1.12 2.7
Probability of Causation [%]

Diet 1 0.43 4.1 35
Diet 2 0.19 1.8 20
Diet 3 0.22 2.0 19
Diet 4 1.24 10.8 62

Diet 1 - Backyard cow milk + all other locally produced non-milk exposure pathways